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ABSTRACT
U ncharged  p o ly m ers  o r  o lig o m e rs  such  a s  PHEG (p o ly (N ^ -u -/-  
h y d r o x y e th y l-L -g lu ta m in e ) ) ,  PHPG (p o ly (N ^ - i^ -h y d ro x y p ro p y l-L -  
g lu ta m in e ) ) ,  p o ly - L - p r o l in e ,  and o lig o m e rs  o f  L -a la n in e  whose 
s id e  c h a in s  a r e  n o t  io n iz e d  w ere u se d  a s  a  m odel system  f o r  
th e  i n v e s t i g a t i o n  o f  th e  e f f e c t s  o f  s a l t s  upon th e  conform a­
t i o n a l  p r o p e r t i e s  o f  p o ly p e p t id e s .  PHEG and o lig o m e rs  o f  
L - a la n in e  i n  w a te r  e x h ib i te d  a  s m a ll  p o s i t i v e  CD band n e a r  
216 nm. PHEG i s  a  s t a t i s t i c a l  c o i l  i n  w a te r .  H e a tin g  o r  i n  
th e  p re s e n c e  o f  c o n c e n tr a te d  s a l t  s o l u t i o n s  su ch  a s  c a lc iu m  
c h l o r i d e ,  p o ta s s iu m  c h l o r i d e ,  and l i t h iu m  c h l o r i d e ,  th e  p o s i ­
t i v e  CD band  o f  th e s e  compounds d is a p p e a re d .  T h is  o b s e rv a t io n  
d o e s  n o t  a g re e  w ith  th e  a s s e r t i o n  t h a t  an " e x te n d e d  h e l i x " ,  
w hich  i s  presum ed to  be s t a b i l i z e d  by th e  c h a rg e -c h a rg e  i n t e r -  
’a c t i o n s  o f  th e  c h a rg e d  s id e  c h a in s ,  i s  r e p o n s ib le  f o r  th e  
p o s i t i v e  CD band n e a r  216 nm o b se rv e d  w ith  f u l l y  io n iz e d  
p o ly p e p t id e s .  The te m p e ra tu re  and s a l t  s e n s i t i v e  CD band- a t  
216 nm c o u ld  a r i s e  from  i n t e r a c t i o n s  betw een  a d ja c e n t  u n i t s  
i n  any p o ly p e p t id e  w ith  a  -CHgR s id e  c h a in  when i t  e x i s t s  a s  
a  s t a t i s t i c a l  c o i l .
M ost s a l t s  e x e r te d  s i m i l a r  e f f e c t  upon th e  c i r c u l a r  
d ic h ro is m  o f  PHEG and  o lig o m e rs  o f  L -a la n in e *  However, t h e  
e f f e c t  o f  sodium  p e r c h l o r a t e  on PHEG i s  d i f f e r e n t  from t h a t  
s e e n  w ith  th e  o th e r  s a l t s .  T h is  s a l t  a p p e a rs  t o  s t a b i l i z e  th e
01 - h e l i c a l  co n fo rm atio n  o f b o th  PHEG and PHPG. S a l t s  
a p p a re n t ly  can  e x e r t  two k in d s  o f  e f f e c t s  upon th e  aqueous 
s o lu t io n  o f p o ly p e p tid e s*  One o f th e s e  i s  t h a t  c e r t a i n  s a l t s  
c o u ld  fa v o r  th e  fo rm a tio n  o f  an i n t r a c h a in  hydrogen-bond in  
c e r t a i n  p o ly p e p tid e s *  The o th e r  i s  th o u g h t to  be th e  d i r e c t  
i n t e r a c t i o n  betw een  th e  s a l t  and th e  p e p t id e  bond i t s e l f *
T h is  d i r e c t  i n t e r a c t i o n  may i n t e r f e r e  w ith  in t r a c h a in  hydrogen  
bond fo rm a tio n  and cause  changes in  o p t i c a l  a c t i v i t i e s ,  and 
hydrodynam ic p r o p e r t i e s  o f  p o ly p e p tid e s*
A p o ly e l e c t r o l y t e  e f f e c t  has been found f o r  PHEG in  
hydrogen  c h l o r id e .  The pK c a lc u la te d  from  c i r c u l a r  d ic h ro ism  
a t  228 nm o f p o ly -L -p ro l in e  i n  hydrogen  c h lo r id e  i s  a p p ro x i­
m a te ly  - 2 .2 .  T hese f in d in g s  su g g e s t t h a t  th e  CD changes a r e  
b ro u g h t ab o u t by  th e  b in d in g  o f hydrogen  c h lo r id e  to  p e p t id e  
u n i t s .  The pH c a lc u la te d  f o r  p o ly -L -p ro l in e  i n  ca lc iu m  
c h lo r id e  i s  a p p ro x im a te ly  - 2 .0 ,  w hich i s  a  r e a s o n a b le  v a lu e  
f o r  b in d in g  o f  s a l t  to  p e p t id e  u n i t s .
The change i n  th e  c o n fo rm a tio n a l map i s  a  m a jo r e f f e c t  
o f  a  s a l t  when i t  i s  p a r t i c i p a t i n g  in  an  e l e c t r o s t a t i c  
i n t e r a c t i o n  w ith  a  p e p t id e  u n i t .  The o b se rv ed  changes in  
o p t i c a l  a c t i v i t i e s  and hydrodynam ic p r o p e r t i e s ,  w hich a re  
s e n s i t i v e  to  r o t a t i o n a l  s t a t e s  o f  <p and  ^  , a r e  c o n s i s te n t  
w ith  t h i s  a s s e r t i o n .  The o b serv ed  r e s u l t s  in  Raman s p e c t r a ,  
w hich a r e  d e te rm in ed  by th e  v i b r a t i o n a l  c h a r a c t e r i s t i c s  
a l s o  a g re e  w ith  t h i s  a s s e r t i o n .
CHAPTER I  INTRODUCTION
D uring  th e  p a s t  two d ec ad e s  th e  p ro g re s s  in  b io c h em ic a l 
te c h n iq u e s  h a s  made p o s s ib le  a  com plete  d e s c r ip t io n  o f  th e  
ch em ica l s t r u c t u r e  o f  a  l a r g e  number o f b io p o ly m ers . Among 
many o th e r s ,  th e  c o n fo rm a tio n a l p r o p e r t i e s  o f p o ly p e p tid e s  
and p r o te in s  in  s o lu t io n  have been  w id e ly  s tu d ie d *  The 
co n fo rm a tio n  o f a  number o f  polyam ino a c id s  in  s o lu t io n  h a s  
b een  e x te n s iv e ly  in v e s t ig a te d  from  b o th  th e  e x p e r im e n ta l and 
t h e o r e t i c a l  p o in t s  o f  v iew . E x p e r im e n ta l ly , th e  e x is ta n c e  
o f c o n fo rm a tio n s  such a s  r i g h t -  and l e f t -  handed o i - h e l i c e s  
( 1 ) ,  p o ly p ro l in e  h e l i c e s  ( 2 - i f ) ,  th e  & - s t r u c t u r e  ( 5 j 6 ) ,  and 
th e  random c o i l  (7 )>  h as  been  e s t a b l i s h e d ,  and th e  c o n d i t io n s  
d e te rm in ed  f o r  c o n fo rm a tio n a l t r a n s i t i o n s  (8 -1 1 )*  T heore­
t i c a l l y ,  th e  s t a b l e  co n fo rm a tio n s  o f  m acrom olecu les have been  
com puted ( 7 ) ,  and therm odynam ic p a ra m e te rs  d e te rm in in g  c o n fo r ­
m a tio n a l  t r a n s i t i o n s  have been  deduced (1 2 ,1 3 )*  These in v e s ­
t i g a t i o n s  aim  a t  p ro v id in g  a  b e t t e r  u n d e rs ta n d in g  o f th e  
s t r u c t u r e  and f u n c t io n s  of th e  b io lo g ic a l  m acrom olecu les.
The s t r u c t u r a l  geom etry o f  two a d ja c e n t  p e p tid e  u n i t s  i n  
a  p o ly p e p tid e  c h a in  i s  r e p r e s e n te d  in  F ig u re  1. In  th e  
s t r u c t u r e  shown, and ^  a r e  r o t a t i o n a l  a n g le s  ab o u t b o n d s, 
N-C and C -C 1 ( c a r b o n y l) ,  r e s p e c t i v e l y .  The u> * s  a r e  r o t a ­
t i o n  a n g le s  a b o u t C’ -N bond . The ze ro  v a lu e s  o f  th e s e  a n g le s
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Figure 1. Geometrical representation of a portion of 
polypeptide chain.
3a r e  s p e c i f i e d  by c o n d i t io n s  1-3  a s  fo l lo w s  and a l l  th e  a n g le s  
r o t a t e  i n  a  clockYri.se se n se  lo o k in g  from  N tov/ard  C , from  
C ** to w ard s  C*, and from C* to w ard s  N, f o r  ^  , and uj , 
r e s p e c t i v e l y .
1 . <p = 0 °  when th e  C* o f  two a d ja c e n t  p e p t id e  u n i t s  
a r e  t r a n s  ab o u t th e  bond N-C o f th e  second  p e p t id e  u n i t .
2 .  = 0 °  when th e  N o f  two a d ja c e n t  p e p t id e  u n i t s  sire 
t r a n s  a b o u t th e  bond C ^-C * o f th e  second  p e p t id e  u n i t .
3 .  u) s 0 °  when th e  C ^  o f two a d ja c e n t  p e p t id e  u n i t s  
a r e  t r a n s  ab o u t th e  C'-W b o n d . A ll  o f  th e s e  p a ra m e te rs  a re  
d e f in e d  i n  r e f e r e n c e  1 if *
I f  th e  p e p t id e  u n i t  i s  p la n a r  t r a n s  ( u/ - 0 ° ) ,  and i f  
bond le n g th s  and th e  a n g le s  betw een bonds a r e  h e ld  c o n s ta n t ,  
th e n  th e  p o ly p e p tid e  c h a in  h a s  o n ly  tv/o d e g re e s  o f  freedom  
p e r  r e s id u e :  and *p . A l i s t  o f th e  <t> . f  v a lu e s  f o r  a l l
r e s i d u e s - w i l l  c o m p le te ly  d e f in e  th e  c h a in  p a th .  I f  th e  r o t a ­
t i o n a l  a n g le s  a t  e v e ry  oc ca rb o n  a r e  th e  same, th e n  th e  c h a in  
f a l l s  n a t u r a l l y  i n t o  a  h e l i x .  C e r ta in  o f  th e s e  s t r u c t u r e s  
have p a r t i c u l a r l y  f a v o ra b le  hydrogen  bond in g  from  one tu r n  
o f  th e  h e l i x  to  th e  n e x t .  Once and ^  a r e  f i x e d ,  th e  
number o f  r e s id u e s  p e r  tu r n  (n )  and th e  d is t a n c e  t r a v e r s e d  
p a r a l l e l  to  th e  h e l ix  a x i s  p e r  u n i t  (d )  a r e  a l s o  d e te rm in e d . 
The p ro d u c t o f  n and d i s  c a l l e d  th e  p i t c h  ( p ) .  E very  h e l ix  
can be s p e c i f i e d  by  th e s e  p a ra m e te r .  A l i s t  o f  th e s e  p a r a ­
m e te rs  f o r  th e  o< - h e l i x ,  p o ly p r o l in e  h e l i x  (Form I I )  and 
a n t i p a r a l l e l  - s t r u c t u r e  i s  p r e s e n te d  i n  T ab le  1 (1 5 )*
Many po'lyam ino a c id s  have an oc - h e l i c a l  c o n fo rm a tio n  i n  
th e  s o l i d  s t a t e  a s  shown by x - r a y  d i f f r a c t i o n  (1 if)* The 
h e l i c a l  c o n fo rm a tio n  i s  f r e q u e n t ly  r e t a in e d  in  n o n in te r a c t in g
T ab le  1 . S t r u c t u r a l  p a ra m e te rs  o f  t h r e e  im p o r ta n t
ty p e s  o f  p r o te in - c h a in  co n fo rm a tio n s  (1 5 )
- h e l i x P o ly p ro l in e  h e l ix  
(Form !X I)
A n t ip a r a l l e l  
0  - s t r u c t u r e
p 132° 103°
oo
V 123° 326° 315°
n 3 .61 3 .0 0 2 .0 0
a  ( ? ) 1 .5 0 3 .1 2 3 .k 7
P (A) 9 .3 6 6 .9 5
s o lv e n t s ,  such  a s  d im eth y lfo rm am id e , c h lo ro fo rm , t r i f l u o r o -  
e th a n o l ,  and hexam ethy lphosphoam ide. T h is  h a s  been  shown by 
low  a n g le  x - r a y  s c a t t e r i n g  ( 1 7 ) ,  d ip o le  moment (1 8 -2 0 ) ,  UV 
( 2 1 ) ,  IR ( 2 2 -2 4 ) ,  and Raman s p e c tro s c o p y  (2 5 -2 7 ) ,  a s  w e ll  a s  
hydrodynam ic (2 8 -3 0 )  and o p t i c a l  r o t a t o r y  (31*32) s t u d i e s .
B oth  r ig h t- h a n d e d  and le f t - h a n d e d  « * -h e lic e s  w ere found e x p e r i ­
m e n ta l ly ,  The se n se  o f  th e  h e l ix  depends on th e  n a tu r e  o f  
th e  amino a c id  r e s id u e s  i n  th e  p o ly p e p tid e  c h a in .  F or exam ple, 
hom opolym ers o f  L - a la n in e ,  L - l y s in e ,  L - ty r o s in e ,  /3-p ro p y l-L -  
a s p a r t a t e ,  T - b e n z y l-L -g lu ta m a te ,  T  -m e th y l-L -g lu ta m a te , <£ -  
b e n z y lo x y c a rb o n y l-L - ly s in e , L -g lu ta ra ic  a c id ,  and N ^(4 -hydroxy- 
b u ty l-L -g lu ta m in e )  in  n o n in te r a c t in g  s o lv e n ts  a t t a i n  a  r i g h t -  
handed h e l i c a l  c o n fo rm a tio n , w h ile  po lym ers o f  -m e th y l ,
5/ 3 - b e n z y l ,  0  - (  o - c h lo r o b e n z y l ) - ,  and 0  - (m -c h lo ro b e n z y l) -L -  
a s p a r t a t e  h av e  a  l e f t  handed  h e l i c a l  c o n fo rm a tio n  ( 31 - 3 8 )* 
cL - H e l i c a l  s t r u c t u r e s  o c c u r  i n  a  v a r i e t y  o f  p r o te in s *  Some 
f i b r o u s  p r o t e i n s ,  su ch  a s  oi k e r a t i n  (3 9 )  and m yosin (JfO), a r e  
b u i l t  up from  ex. - h e l i c a l  s t r u c t u r e s *  G lo b u la r  p r o t e i n s  su ch  
a s  m yog lob in  (i+1) ,  h em og lob in  ( 4 2 ) and many o th e r s  a l s o  
c o n ta in  an  a p p r e c ia b le  am ount o f  t h i s  s t r u c t u r e #
P o ly p e p t id e s  c o n ta in in g  a  h e te ro a to m  (oxygen  o r  s u l f u r )  
i n  th e  T  p o s i t i o n  o f  th e  am ino a c id  r e s i d u e ,  such  a s  p o ly -  
L - s e r i n e ,  p o ly - L - c y s te in e ,  and p o ly - L - th r e o n in e ,  te n d  to  form  
a  0  - s t r u c t u r e  (3 3 )*  The d ip o le - d ip o le  i n t e r a c t i o n s  betw een  
th e  h e te ro a to m s  and th e  two a d ja c e n t  p e p t id e  g ro u p s  re d u c e  
th e  s t a b i l i t y  o f  th e  a . - h e l i c a l  c o n fo rm a tio n  b u t  have l i t t l e  
e f f e c t  on th e  e n e rg y  o f  th e  0 - s t r u c t u r e ,  t h u s  f a v o r in g  th e  
l a t t e r  (4 3 )*  The t y p i c a l  f ib r o u s  p r o t e in  w ith  th e  a n t i p a r a l l e l  
/ 0 - p l e a t e d  s h e e t  i s  s i l k  (4 4 ,4 5 )*  0  - P le a te d  s h e e t  i s  a l s o
fo u n d  i n  a  v a r i e t y  o f  g lo b u la r  p r o t e i n  such  a s  c a rb o x y p e p tid a s e  
A, lysozym e and r ib o n u c le a s e  (1 5 )*
The c o n fo rm a tio n  o f  p r o l in e - c o n t a in i n g  p e p t id e s  h a s  been  
i n v e s t i g a t e d  e x t e n s iv e ly  (4 6 -5 4 )*  Tn th e  s o l i d  s t a t e  p o ly -L -  
p r o l i n e  h a s  b ee n  o b se rv e d  to  form  an o rd e re d  s t r u c t u r e  i n  
w h ich  th e  c h a in  i s  a  r ig h t - h a n d e d  h e l i x  c o n ta in in g  c i s - p e p t i d e  
b o n d s (Form  I )  (2 )  o r  a  l e f t - h a n d e d  h e l i x  w i th  t r a n s - p e p t i d e  
b o n d s (Form  I I )  (3 * 4 ) •  T hese two fo rm s can  be r e v e r s i b l y  
in t e r c o n v e r t e d  i n  d i l u t e  s o lu t io n  by a p p r o p r ia te  ch an g es  i n  
s o lv e n t  c o m p o s it io n s  (5 5 -5 7 )*  S in c e  t h e r e  e x i s t s  a  p y r r o l i d in e
6r i n g  in  each  r e s id u e  o f  th e  p o lym er, i t  p r e v e n ts  th e  fo rm a tio n  
o f hydrogen  "bonds betw een  p e p t id e  u n i t s  and k e e p s  th e  r o t a t i o n  
a b o u t C°*-N bond r e s t r i c t e d *  T h is  c o n c lu s io n  i s  su p p o rte d  by 
t h e o r e t i c a l  c o n fo rm a tio n  a n a ly s i s  ( 58 ) .  T h e o r e t i c a l  c a l c u l a ­
t i o n s  have a l s o  shown t h a t  b o th  c o n fo rm a tio n s  (Form I  and I I )  
a r e  in d e e d  e n e r g e t i c a l l y  s t a b l e  (5 9 -6 3 )*  The p o ly p ro l in e  I I  
c o n fo rm a tio n  i s  found to  be th e  b a s ic  s t r u c t u r e  o f  c o l la g e n  
( 6 ^ ,6 5 ) •  Two segm ents o f  p o ly p ro l in e  I I  co n fo rm atio n  a r e  
a l s o  seen  in  p a n c r e a t i c  t r y p s in  i n h i b i t o r  (6 6 ) •
P o ly a m in o .a c id s  v/hich have no r e c u r r e n t  p a t t e r n  o f  r e p l i ­
c a t io n  o f bond c o n fo rm a tio n s  a lo n g  th e  main c h a in  c o n s t i t u t e  
th e  random c o i l  c o n fo rm a tio n  (7 )*  They co m p rise  th e  o v e r­
whelm ing m a jo r i ty  o f a l l  p o s s ib le  c o n f ig u ra t io n s *  S t a t i s t i c a l  
m ech an ics h a s  b een  u sed  to  t r e a t  t h i s  co n fo rm a tio n  in  th e  
u n p e r tu rb e d  c o n d i t io n ,  i n  w hich po lym ers a r e  f r e e  from e x te r n a l  
c o n s t r a i n t s ,  su ch  a s  th o s e  cau sed  by lo n g - ra n g e  i n t e r a c t i o n s  
o r  by an  e x t e r n a l  fo rc e  ( 7 ) .  In  t h i s  s t a t e  th e  m o lecu le s  a r e  
s u b je c t  o n ly  to  l o c a l  c o n s t r a i n t s  a r i s i n g  from  th e  bond s t r u c ­
t u r e  and from  r o t a t i o n a l  b a r r i e r s *
A verage d im en sio n  o f th e  u n p e r tu rb e d  random c o i l s ,  su ch  
a s  th e  mean s q u a re  e n d - to -e n d  d i s t a n c e ,  mean sq u a re  r a d iu s  o f 
g y r a t io n ,  and mean sq u a re  d ip o le  moment can be c a lc u la te d  from 
th e  a v e ra g e  t r a n s f o r m a t io n  m a tr ic e s  (7 )*  The av e rag e  t r a n s ­
fo rm a tio n  m a t r i c e s  can  be d e r iv e d  from  c o o rd in a te  tra n s fo r* -  
m a tio n  m a tr ic e s  and c o n fo rm a tio n a l en e rg y  maps f o r  th e  am ino 
a c id  r e s id u e s  (7 )*  T hese p ro c e d u re s  a l s o  p ro d u ce  t h e o r e t i c a l
v a lu e s  o f th e  c h a r a c t e r i s t i c  r a t i o ,  w hich  i s  d e f in e d  a s  
o o o
^  r  ) 0 /  n p lp j  where ^ r  i s  th e  u n p e r tu rb e d  mean sq u a re  
e n d - to -e n d  d i s t a n c e ,  n i s  th e  number o f  p e p tid e  bonds and 1
r  ir
i s  th e  d i s t a n c e  betw een a d ja c e n t  cl - c a rb o n  atoms*
The c a l c u l a t i o n  o f th e  e x p e r im e n ta l  c h a r a c t e r i s t i c  r a t i o  
can be c a r r i e d  o u t by u s in g  E q u a tio n  1-3* a  p ro ced u re  f i r s t  
u t i l i z e d  by  B ra n t and F lo ry  ( 6 7 ) •  The r a t i o  i s  o b ta in e d  from 
m easured v a lu e s  o f th e  i n t r i n s i c  v i s c o s i t y ,  m o le c u la r  w e ig h ts , 
and th e  second  v i r i a l  c o e f f i c i e n t .  q i s  th e  i n t r i n s i c
v i s c o s i ty  i n  a  6 s o lv e n t ,  i s  th e  m o le c u la r  w e ig h t o f  an 
amino a c id  r e s id u e ,  i s  th e  v i s c o s i t y  av e rag e  m o le c u la r  • 
w e ig h t, a  i s  th e  ex p an sio n  c o e f f i c i e n t ,  Nq i s  A v o g a d ro 's  .. 
number, A-, i s  th e  second v i r i a l  c o e f f i c i e n t ,  and $ i s  an 
u n iv e r s a l  c o n s ta n t .
< r ? > o /  V p  = ( L', ] e /  *  < / 2 >2 /3 v ; 2 (1 )
[ O e  = [»J  /  * 3 (2)
k ^l  /  [>i ] = 25 / 2 irM0(2 7  4 ) * 1ln  [ 1+0 .5  * 1 /2 ( « 2 - l ) ]  ( 3 )
D ir e c t  e v a lu a t io n  o f  th e  e x p e r im e n ta l c h a r a c t e r i s t i c  
r a t i o  i s  r a t h e r  d i f f i c u l t .  U su a lly  p o o r s o lv e n ts  a r e  used  
to  p roduce th e  u n p e r tu rb e d  s t a t e  o f s y n th e t i c  po lym ers in  
s o lu t io n  ( 6 8 ) .  However, i n  such  s o lv e n ts  p o ly p e p t id e s  te n d  
to  assume o rd e re d  c o n fo rm a tio n s  or p r e c i p i t a t e .  T h e re fo re
8good s o lv e n t s  a r e  em ployed i n s t e a d ,  and th e  d im e n sio n s  
d e r iv e d  from  e x p e rim e n t a r e  c o r r e c te d  to  th e  u n p e r tu rb e d  s t a t e  
u s in g  th e  second  v i r i a l  c o e f f i c i e n t  and t h e  ex p a n s io n  f a c t o r ,
O'. (51 , 67, 69-7i>).
The e x p e r im e n ta l  v a lu e s  o f  c h a r a c t e r i s t i c  r a t i o s  f o r  
hom opolym ers c o n s i s t i n g  o f  am ino a c id s  w ith  d i f f e r e n t  s id e  
c h a in s  su ch  a s  p o ly -L -g lu ta m ic  a c id  and p o ly - L - ly s in e  a r e  found 
s i m i l a r  t o  th e  c o r re s p o n d in g  v a lu e  c a l c u l a t e d  f o r  p o ly - L - a la -  
n in e  ( 6 9 ,7 5 ) ,  nam ely  c lo s e  t o  9* I t  a p p e a r s  t h a t  th e  n a tu r e  o f  
th e  s i d e  c h a in  o f  an  amino a c id  r e s id u e  d o e s  n o t  m ark ed ly  
a f f e c t  t h e  mean s q u a re  e n d - to -e n d  d i s t a n c e  o f  an u n p e r tu rb e d  
p o ly -L -a m in o  a c id  c h a in  p ro v id e d  th e  s i d e  c h a in  h a s  th e  s t r u c ­
t u r e  -CH2R . H ow ever, th e  c h a r a c t e r i s t i c  r a t i o s  o f  co p o ly m ers , 
such a s  c o p o ly (L -A la -D -A la ) , a r e  c o n s id e r a b le  lo w er th a n  t h a t  
o f  p o ly - L - a la n in e  (7 5 ,7 6 )*
The c o n fo rm a tio n  o f po lyam ino  a c id s  i n  s o lu t io n  can  be 
changed  from  one o rd e re d  s t r u c t u r e  to  a n o th e r  o r  from  an  
o rd e re d  t o  an u n o rd e re d  s t r u c t u r e  ( 7 , 8 , 1 1 ) .  T h is  confo rm a­
t i o n a l  t r a n s i t i o n  can  be b ro u g h t ab o u t b y  a l t e r i n g  p a ra m e te rs  
such  a s  te m p e r a tu r e ,  p r e s s u r e ,  and th e  s o lv e n t  c o m p o s it io n . 
I n v e s t i g a t i o n s  o f  th e  c o n fo rm a tio n s l  t r a n s i t i o n s  o f  macromo­
l e c u l e s  h a s  been e x t e n s iv e ly  done e x p e r im e n ta l ly  and th e o r e ­
t i c a l l y  ( 7 , 8 , 1 1 ) .
The f i r s t  th e o r y  ‘d e a l in g  w ith  th e  h e l i x - c o i l  t r a n s i t i o n  
i s  th e  a l l - o r - n o n e  m odel p ro p o sed  by S ch e llm an  (7 7 ) i n  1955* 
T h is  m odel s u g g e s te d  t h a t  th e  p o ly p e p tid e  m o le cu le  i n  s o lu t io n
9e x i s t s  a s  e i t h e r  an o i - h e l i x  o r  a  c o m p le te ly  random c o i l .
More t h e o r i e s  w ere d ev e lo p ed  l a t e r  w hich to o k  i n t o  c o n s id e r ­
a t io n  th e  p o s s ib le  p re se n c e  o f  b o th  h e l i c a l  and c o i le d  segm ents 
w ith in  a  s in g l e  p o ly p e p tid e  c h a in  (1 1 -1 3 * 7 8 -8 1 )•  A ll  o f  th e s e  
t h e o r i e s ,  though  w ith  d i f f e r e n t  m a th e m a tic a l t r e a tm e n t ,  u se  
s im i la r  m odel sy s te m s . The b a s ic  a ssu m p tio n  o f  th e s e  t h e o r i e s  
i s  t h a t  each  am ino a c id  r e s id u e  w ith in  th e  p o ly p e p tid e  c h a in  
cou ld  e x i s t  in  e i t h e r  ( a )  a  h e l i c a l  s t a t e ,  when th e  d ih e d ra l  
a n g le s ,  2$ , and ^  , o f  t h i s  r e s id u e  a r e  i d e n t i c a l  to  th e  
c o rre sp o n d in g  o n es f o r  th e  <x - h e l i x ,  o r  (b )  a  h e l i c a l  s t a t e  
w ith  a  hydrogen  b o n d , when c o n d i t io n  ( a )  i s  f u l f i l l e d  and a  
hydrogen  bond i s  form ed betw een  th e  NH g roup  o f  r e s id u e  i+J* 
and CO g roup  o f  r e s id u e  i ;  o r  ( c )  a  c o i l  s t a t e ,  when c o n d i t io n  
( a )  i s  n o t  f u l f i l l e d .  The s t a t i s t i c a l  w e ig h ts  f o r  th e s e  
s t a t e s  a r e  ta b u la t e d  in  T ab le  2 ( 1 1 ) .  A sam ple sequence  o f  
h e l ix  and c o i l  w ith  s t a t i s t i c a l  w e ig h ts  a s s ig n e d  i s  shown in  
F ig u re  2 .  The u , v ,  w n o ta t io n  i s  t h a t  o f  L if s o n  and R oig  
( 1 3 ) ,  w h ile  th e  o r , e n o ta t io n  i s  t h a t  o f  Zimm and B ragg ( 1 2 ) .  
The Zimm-Bragg n o ta t io n  h a s  now become s ta n d a r d .  The s t a t i s ­
t i c a l  w e ig h t f o r  th e  c h a in  segm ent shown in  F ig u re  2 i s
o b ta in e d  by m u l t ip ly in g  to g e th e r  th e  s t a t i s t i c a l  w e ig h ts  f o r
2 6th e  amino a c id  r e s i d u e s .  The r e s u l t  i s  u v w = O' s  .
When s  ( t h e  r a t i o  w /u) i s  g r e a t e r ,  l e s s  th a n ,  o r  eq u a l 
to  u n i t y ,  h e l i x  i s ,  r e s p e c t i v e ly ,  f a v o re d , u n fa v o re d , and 
o f  e q u a l p r o b a b i l i t y ,  w ith  r e s p e c t  t o  c o i l  f o r  i n f i n i t e l y  
l a r g e  p o ly p e p t id e .  The en d s o f  a  h e l i c a l  sequence  have a
T ab le  2 S t a t i s t i c a l  w e ig h ts  f o r  th e  h e l i c a l  and c o i l  
s t a t e s  in  a  p o ly p e p tid e  c h a in  (11)
S ta te S t a t i s t i c a l  W eight
H e lix  w ith  
hydrogen  bond
H e lix  w ith o u t
C o il
w
u u /u  = 1 
w/u = s
V v /u  “ (X
hydrogen  bond
F ig u re  2 A sch em a tic  r e p r e s e n ta t i o n  o f a  p o r t io n  o f
a  p o ly p e p tid e  c h a in  w ith  a s s ig n e d  s t a t i s t i c a l  
w e ig h ts  (1 1 )
c c h h h h h h h h c c c c  
u u w w w w w w v v u u u u  
1 1 s  s  s  s  s  s  crt/V ,/21 1 1 1
— o— o— : a  p o r t io n  o f  a  p o ly p e p tid e  c h a in  
c : c o i l  
h : h e l i x
u , v ,  w, o ' , s  : se e  T ab le  2
Hydrogen bond ing
o— o—
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r e l a t i v e l y  low p r o b a b i l i t y  o f  o c c u re n c e , b ec au se  th e  u n i t s  
a t  th e  ends o f  a  h e l i c a l  sequence  c o n t r ib u te  n e i th e r  a  hydrogen  
bond n o r  e n tro p y  o f i n t e r n a l  r o t a t i o n  ( c o i l  s t a t e ) *  C onse- 
q u e n t ly ,  one may e x p e c t t h a t  or = (v /u )  w i l l  be l e s s  th a n  
u n i t y .  T h is  c h a r a c t e r i s t i c  p a ra m e te r  o f  th e  c o i l - t o - h e l i x  
t r a n s i t i o n s  r e p o r te d  i n  l i t e r a t u r e  v a r i e s  i n  th e  ra n g e :  0 . 6*f x 
10” ^ to  0 .2 5  x - 10" 2 . F or th e  t r a n s i t i o n  o f  p o ly -L -a la n in e  
in  w a te r  o ' = 1 x  10“^ ( 82) .  The e lo n g a t io n  o f  an e x i s t i n g  
h e l i c a l  sequence i s  th u s  fa v o re d  o ver th e  i n i t i a t i o n  o f  a  new 
h e l i c a l  seq u en ce . T h is  makes th e  random c o i l - t o - c x - h e l i x  
t r a n s i t i o n  in  p o ly p e p t id e s  a  c o o p e ra t iv e  phenomenon.
On th e  b a s i s  o f  th e s e  t h e o r i e s ,  th e  a v e ra g e  p r o p e r t i e s  
o f  th e  system  can be d e r iv e d , such  a s  th e  f r a c t i o n  o f  amino 
a c id  r e s id u e s  in  th e  h e l i c a l  s t a t e ;  th e  a v e ra g e  number o f 
h e l i c a l  segm ents p e r  m o le c u le ; th e  av e rag e  number o f  amino 
a c id  r e s id u e s  p e r  h e l i c a l  segm en t; and th e  e n th a lp y  and  e n tro p y  
ch an g es a s s o c ia te d  w ith  th e  c o n fo rm a tio n a l t r a n s i t i o n .
One o f th e  m ost im p o r ta n t c o n c lu s io n s  from  th e  t r a n s i t i o n  
t h e o r i e s  i s  t h a t  b o th  h e l i c a l  and  random ly c o i le d  s t a t e s  
c o e x is t  i n  a  p o ly p e p tid e  c h a in  a t  d i f f e r e n t  s t a g e s  o f  h e l i x -  
c o i l  t r a n s i t i o n  i f  C  i s  n o t to o  s m a ll .  T h is  t h e o r e t i c a l  
p r e d ic t io n  h a s  been  e x p e r im e n ta l ly  v e r i f i e d .  X -ray  s t u d i e s  o f 
th e  h e l i x - c o i l  t r a n s i t i o n  o f  p o ly - 3 , 5-d ib rom o ty r o s in e  i n  
d im e th y l f o rm a m id e - t r i f lu o r o a c e t ic  a c id  m ix tu re  r e v e a le d  t h a t ,  
a t  v a r io u s  s ta g e s  o f  th e  t r a n s i t i o n ,  th e  p o ly p e p tid e  c h a in s  
c o n ta in  0£. - h e l i c a l  segm en ts s e p a r a te d  by c o i l  r e g io n s  ( 8 3 ) .
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The h e l i x - c o i l  t r a n s i t i o n  o f  o th e r  p o ly p e p t id e s  h a s  been  
fo llo w e d  by m easu rin g  changes in  o p t i c a l  r o t a t o r y  p r o p e r t i e s ,  
v i s c o s i t y ,  s e d im e n ta t io n  v e l o c i t y ,  and l i g h t  s c a t t e r i n g  (8*t- 
8 7 )•  The e x p e r im e n ta l  r e s u l t s  c lo s e ly  re sem b le  th o s e  c a lc u ­
l a t e d .
As in d ic a te d  ab o v e , th e  c o n fo rm a tio n a l t r a n s i t i o n  can 
be in d u c e d  by ch an g in g  p a ra m e te rs  such  a s  te m p e ra tu re ,  
p r e s s u r e ,  and s o lv e n t  c o m p o s it io n s . The r o l e  o f  s o lv e n t  in  
in d u c in g  a  c o n fo rm a tio n a l t r a n s i t i o n  i s  o f  m ajor i n t e r e s t  o f  
t h i s  d i s s e r t a t i o n ,  e s p e c i a l l y  th e  e f f e c t s  o b se rv ed  when • 
c e r t a i n  n e u t r a l  s a l t s  a r e  added  to  th e  s o lv e n t  sy s tem .
Two p o s s ib le  r o l e s  p la y e d  by s o lv e n t  i n  in d u c in g  th e  
c o n fo rm a tio n a l t r a n s i t i o n  have  been p ro p o se d . One o f  th e s e  
s u g g e s ts  t h a t  th e  a c t i v e  s o lv e n t  com ponent b in d s  to  -C 0- 
a n d /o r  -NH- g ro u p s  o f  th e  p e p t id e  bond r e s u l t i n g  i n  th e  
c o n fo rm a tio n a l t r a n s i t i o n  ( 8 8 ) .  However, th e  i n t e r a c t i o n s  
betw een  s id e  c h a in  g ro u p s  a l s o  p la y  an im p o r ta n t r o l e  i n  th e  
t r a n s i t i o n .  F o r i n s t a n c e ,  h y d ro p h o b ic  i n t e r a c t i o n s  betw een 
th e  n o n p o la r  s id e  c h a in s  o f  p o ly p e p t id e s  makes a  l a r g e  
c o n t r ib u t io n  to  th e  s t a b i l i t y  o f  th e  oc- h e l i c a l  c o n fo rm a tio n  
( 8 i t ,8 9 ,9 0 ) .  The in c r e a s e  i n  h e l ix  s t a b i l i t y  o f  p o ly (N ^ - -  
h y d ro x y a lk y l-L -g lu ta m in e )  i n  w a te r  o b se rv ed  w ith  in c r e a s in g  
number o f  m e th y len e  g ro u p s  in  th e  s id e  c h a in  p ro v id e s  good 
e v id e n c e  o f  th e  s id e - c h a in  hy d ro p h o b ic  i n t e r a c t i o n s  ( 9 0 ) ,
The o th e r  s u g g e s t io n  i s  t h a t  v a r i a t i o n s  i n  s o lv e n t  co m p o sitio n  
p ro d u ce  ch an g es i n  th e  s t r u c t u r e  o f  th e  s o lv e n t  w hich  in  tu rn
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a f f e c t  th e  polym er co n fo rm a tio n  (V ? ), I t  i s  i n t e r e s t i n g  h e re  
to  exam ine w h eth e r th e s e  two m echanism s c o u ld  he a p p l ie d  to  
th e  s a l t  e f f e c t  w h ich  p ro d u ces  a  p ro found  change in  conform a­
t i o n a l  p r o p e r t i e s  o f  p o ly p e p t id e s  and p r o te in s *
I t  i s  w e ll known th a t  th e  a d d i t io n  o f  s a l t s ,  such a s  
L iC l, CaCl2 , L iB r , KCNS, and g u an id in iu m ch lo rid e -,-  e tc * ,  t o  -the 
s o lu t io n s  of f i b r o u s  and g lo b u la r  p r o t e in s ,  a s  w e ll a s  a  . 
v a r i e t y  o f  p o ly p e p t id e s ,  can  b r in g  abou t c o n fo rm a tio n a l changes 
(5 0 ,9 1 -9 7 )*  T h e re fo re  am ark ed  e f f e c t  in  hydrodynam ic and 
o p t i c a l  p r o p e r t i e s  were o b se rv e d  (5 0 ,9 1 -9 7 )*  The mechanism 
o f s a l t  a c t io n  i n  th e  c o n fo rm a tio n a l t r a n s i t i o n  h as  been  
w ild ly  d is p u te d  (9 3 * 9 8 -10(f) * Among many o t h e r s ,  th e  s a l t  
e f f e c t  on th e  f u l l y  io n iz e d  p o ly p e p t id e s ,  su ch ' 
a s  p o ly -L -g lu ta m ic  a c id  and p o ly - L - ly s in e , a s  w e ll  a s  p o ly -L -  
p r o l in e  and r e l a t e d  p o ly m ers , h a s  drawn a  l o t  o f a t t e n t i o n  
in  t h i s  p a r t i c u l a r  f i e l d .
I n  aqueous s o lu t io n  w ith o u t  added s a l t s ,  th e  c i r c u l a r  
d ic h ro is m  of p o ly -L -g lu ta m ic  a c id  and p o ly - L - ly s in e ,  a s  w e ll  
a s  n a t i v e  c o l la g e n  and p o ly - L -p r o l in e  w ith  a l l  p e p t id e  bond 
in  th e  t r a n s  c o n f ig u r a t io n ,  e x h i b i t s  a  weak p o s i t iv e  band  
fo llo w e d  by a  s t r o n g  n e g a tiv e  band abou t 20 nm tow ard s h o r t e r  
w av e len g th  (1 0 5 -1 0 7 ) . In  th e  p re se n c e  o f  s u f f i c i e n t l y  h ig h  
s a l t  c o n c e n t r a t io n s ,  th e  m ost o b v io u s  change in  c i r c u l a r  
d ic h ro is m  i s  th e  d is a p p e a ra n c e  o f  th e  p o s i t i v e  band . A 
s in g le  m o d e ra te ly  s t r o n g  n e g a t iv e  band re m a in s  n e a r  200 nm 
(1 0 5 -1 0 7 ) .  A cco rd in g  to  Krimm and cow orkers (1 0 5 -1 0 8 ) , th e
p o s i t i v e  band in  th e  c i r c u l a r  d ic h ro is m  o f  th e  f u l l y  io n iz e d  
h o m o p o ly p ep tid es  i n  th e  ab sen ce  o f  s a l t  a r i s e s  from t n e  
fo rm a tio n  o f s h o r t  o rd e re d  r e g io n s  i n  th e  p o ly p e p tid e  backbone, 
w ith  v a lu e s  o f r o t a t i o n a l  a n g le s  <p and  ^  s im ila r  t o  th o s e  
o b se rv ed  f o r  c o l la g e n  (6 ^ ,6 5 )  and p o ly - L -p r o l in e  I I  i n  th e  
s o l id  s t a t e  ( if ) ,  due to  th e  r e p u ls io n s  betw een th e  c h a rg e s  
i n  th e  s id e  c h a in .  A d d itio n  o f  s a l t  d e c re a s e s  th e  i n t e n s i t y  
o f  th e  p o s i t i v e  band o f  c i r c u l a r  d ic h ro is m  by re d u c in g  th e  
e l e c t r o s t a t i c  i n t e r a c t i o n  betw een ch a rg e d  s id e  c h a in s ,  le a d in g  
to  th e  fo rm a tio n  o f  a  t r u e  random c o i l ,  a c c o rd in g  to  t h i s  
h y p o th e s is .  An a l t e r n a t e  i n t e r p r e t a t i o n  o f  t h i s  phenom enon, 
p o s tu la te d  by Myer ( 109) and D earborn  and W etlau fe r ( 110) ,  
i s  t h a t  th e  io n iz e d  h o m o p o ly p ep tid es  e x i s t  a s  a  " d is o r d e r e d ” 
( 109) o r  "u n o rd e red "  ( 110) c o n fo rm a tio n  in  th e  absen ce  o f  
added s a l t  and le a d  to  th e  fo rm a tio n  o f  p ro g e s s iv e ly  m ore 
se g m e n ts -o f  o c - h e l ix  upon th e  a d d i t io n  o f  s a l t s .
A cco rd in g  to  M andelkern  and M a t t ic e  (* f9 j50 ,5 ^ ,9 7 ) ,  p o ly -  
L - p r o l in e  w ith  h ig h  m o le c u la r  w e ig h t i s  i n  s t a t i s t i c a l  c o n fo r ­
m ation  in  p u re  w a te r ,  d e s p i te  th e  f a c t  t h a t  th e re  i s  a  w e l l -  
d e f in e d  p o s i t i v e  band in  c i r c u l a r  d ic h ro is m . In  f a c t ,  th e  
p o s i t i v e  c i r c u l a r  d ic h ro is m  band i s  o b se rv e d  w ith  o lig o m e rs  
o f  L - p r o l in e  ( 111, 112) ,  even j u s t  a  d im e r . I t  i s  n o t n e c e s s a ry  
to  have v e ry  lo n g  seq u e n ce s  o f  r e s id u e s  i n  o rd e red  s t r u c t u r e  
i n  o rd e r  to  o b se rv e  a  p o s i t i v e  CD b a n d . In  th e  h ig h ly  concen­
t r a t e d  s o lu t io n s  o f  a  c e r t a i n  s a l t ,  t h i s  p o s i t iv e  band d is a p ­
p e a r s  (*f9) f o r  th e  p o ly m e r. Two p o s t u l a t e s  f o r  th e  s a l t
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e f f e c t  h av e  "been p u t  fo rw ard  by  th e s e  a u th o r s *  One o f  th e s e  
i s  t h a t  t h e  s a l t  a l l o w s  an i n c r e a s e d  r o t a t i o n a l  freedom  ab o u t 
t h e  C ^-C uO  bond , w i th  t h e  t r a n s  p e p t id e  g ro u p  b e in g  m a in ta in e d  
( 9 8 ,1 0 0 ,1 0 2 ,1 0 3 ) ,  The i n c r e a s e  o f  r o t a t i o n a l  freedom  would 
g iv e  r i s e  t o  a  more com pact c h a in  s t r u c t u r e .  The o t h e r  p o s tu ­
l a t e  i s  t h a t  t h e r e  i s  a  t r a n s - c i s  i s o m e r i z a t i o n  o f  t h e  im ide  
bond a r i s i n g  from t h e  s a l t  b in d in g  on t h e  im id e  bond . These 
c h a n g e s  would a l s o  l e a d  to  a  more com pact s t r u c t u r e  and  ca u se  
m a jo r  a l t e r a t i o n  i n  t h e  s p e c t r a  (A9»95)« The s u b s t a n t i a l  
d e c r e a s e  i n  th e  c h a r a c t e r i s t i c  r a t i o ,  from  lh  i n  p u re  w a te r  
t o  ^ *6 ( e s t i m a t e d )  i n  h*8 M CaGl^ a t  30 °C (A9)» d e m o n s t r a te s  
t h a t  a  s m a l l  s i z e  o f  c o i l  c o u ld  e x i s t  i n  t h e  s a l t  s o l u t i o n .
The h ig h  r e s o l u t i o n  NMR s t u d i e s  o f  p o l y - L - p r o l i n e  by 
T o rc h ia  and Bovey (1 1 3 )  s u p p o r t  th e  p o s t u l a t e  t h a t  t h e  p e p t id e  
bond o f  p o l y - L - p r o l i n e  i n  h i g h l y  c o n c e n t r a t e d  s a l t  s o l u t i o n s  
u n d e rg o e s  a  t r a n s - c i s  i s o m e r i z a t i o n .  T o r c h ia  and Bovey found 
t h a t  t h e  c h e m ic a l  s h i f t s  f o r  C 64" p ro to n  when t r a n s  o f  c i s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  and  any i n t e r c o n v e r s i o n  from  
one form  t o  th e  o t h e r  can  be f o l lo w e d .  R e s u l t s  i n  c o n c e n t r a t e d  
s o l u t i o n s  o f  C aC l^ , L iB r ,  K I ,  and RaCNS showed t h a t  b o th  h in d s  
o f  r e s o n a n c e s  a r e  a t  e q u i l i b r i u m ,  and t h e  r a t i o  o f  t r a n s  t o  
c i s  bond i s  a b o u t  two t o  o n e . I n f r a r e d  s t u d i e s  o f  p o ly - L -  
p r o l i n e  by Swenson (11A) s u p p o r t  t h e  c o n c lu s io n  o f  t h e s e  
NMR e x p e r im e n ts .
A lth o u g h  t h e  m e c h a n i s t i c  a c t i o n s  o f  s a l t s  upon t h e  c o n f o r ­
m a t io n a l  p r o p e r t i e s  o f  p r o t e i n s  and p o ly p e p t i d e s  a r e  w id e ly
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d i s p u t e d  ( 93*98-1 (Xj.), th e y  can  he summ arized a s  f o l lo w s :  a  
s a l t  e f f e c t  on th e  d i s s o c i a t i o n  c h a r a c t e r i s t i c s  o f  i o n i z a b l e  
s i d e - c h a i n  g ro u p s ;  an a l t e r a t i o n  i n  t h e  s t r u c t u r e  o f  s o lv e n t  
s u r ro u n d in g  t h e  po lym er; a  d i r e c t  i n t e r a c t i o n  o f  t h e  added 
i o n s  w i th  p e p t i d e  u n i t s .  One o f  t h e  m ost p o s s i b l e  d i r e c t  
i n t e r a c t i o n  i s  t h e  b in d in g  o f  s a l t  i o n s  t o  t h e  p e p t i d e  g ro u p s  
(9 9 *115*116)•  I t  i s  i n t e r e s t i n g  t o  exam ine w hich  one o f  t h e s e  
p o s s i b l e  i n t e r a c t i o n s  i s  t h e  m ost im p o r ta n t  f a c t o r  w hich  
b r i n g s  a b o u t  t h e  c o n f o r m a t io n a l  change and  c o n s e q u e n t ly  th e  
c h a n g e s  o f  hydrodynam ic and o p t i c a l  p r o p e r t i e s  o f  p o l y p e p t i d e s .  
U n io n iz e d  p o ly m e rs  o f  o l ig o m e r s  such  a s  PHEG, PHPG, p o ly - L -  
p r o l i n e ,  p o ly - L - h y d r o x y p r o l in e ,  and o l ig o m e rs  o f  L - a l a n i n e ,  
whose s i d e  c h a in s  a r e  n o t  i o n i z e d ,  p ro v id e  good sy s te m s  f o r  
t h i s  p u r p o s e .
I n  t h i s  d i s s e r t a t i o n ,  PHEG, PHPG, p o l y - L - p r o l i n e ,  p o ly -L -  
h y d r o x y p r o i in e ,a n d  o l ig o m e rs  o f  L - a l a n i n e  a r e  u se d  a s  model 
s y s te m s .  The i n v e s t i g a t i o n  o f  s a l t  e f f e c t s  w i l l  fo c u s  on th e  
hydrodynam ic  and o p t i c a l  p r o p e r t i e s  o f  t h e s e  compounds i n  
v a r i o u s  s a l t  s o l u t i o n s *  The pK f o r  t h e  d i s s o c i a t i o n  o f  OaPl^ 
from t h e  p e p t i d e  bond i s  c a l c u l a t e d  b a se d  on th e  a s su m p tio n  
t h a t  s a l t  i o n s  may b in d  t o  p e p t id e  bond i n  a  manner s i m i l a r  
t o  a c i d s .  F i n a l l y ,  c o n f o r m a t io n a l  e n e r g i e s  sire computed f o r  
t h e  i n t e r n a l  t r i p e p t i d e  o f  p o ly - L - a l a n in e  t o  d e te rm in e  w h e th e r  
e l e c t r o s t a t i c  i n t e r a c t i o n s  be tw een  io n  and th e  p e p t i d e  u n i t s  
sh o u ld  a l t e r  t h e  e n e rg y  s u r f a c e  on a  c o n f o r m a t io n a l  en e rg y  
map.
CHAPTER I I  EXPERIMENTAL
M a t e r i a l s  The s a l t s  u sed  i n  a l l  th e  e x p e r im e n ts  
d e s c r ib e d  h e r e i n  were r e a g e n t  g r a d e . S a tu r a te d  s o l u t i o n s  
were p r e p a re d  by ad d in g  e x c e s s  amount o f  s a l t  t o  th e  s o lu ­
t i o n  u n t i l  no more s a l t  co u ld  be d i s s o l v e d .  C o n c e n t r a t io n s  
o f  s a t u r a t e d  s o l u t i o n s  a r e :  ca lc iu m  c h l o r i d e :  6.1 M; l i t h iu m  
c h l o r i d e :  1A*0 M; p o ta ss iu m  c h l o r i d e :  A»1 M; sodium p e r c h lo ­
r a t e :  9 ,3  M ( 1 1 7 ) .  S a l t  s o l u t i o n s  v/ere th en  p re p a re d  by 
d i l u t i o n  of s a t u r a t e d  s to c k  s o l u t i o n s .  H y d ro c h lo r ic  a c id  
s o l u t i o n s  v/ere p re p a re d  by d i l u t i o n  o f  c o n c e n t r a t e d  h y d ro ­
c h l o r i c  a c id  s o l u t i o n  and c o n c e n t r a t i o n s  v/ere d e te rm in ed  
by t i t r a t i o n  w ith  AgNO^ s o l u t i o n  ( 1 1 8 ) .  SDS was o b ta in e d  
from M atheson S c i e n t i f i c  Co. and i t  had been r e c r y s t a l l i z e d  
from e th a n b l 'b y  D r. D. K . Ig o u .  The T R IS-phosphate  b u f f e r  had 
a  c o n c e n t r a t i o n  o f  0 .0 5  M and a  pH o f  8 .0  a t  23 °C. D^O was 
o b ta in e d  from V e n tro n .  Ac-Ala-NMe (L o t  R-5217)* Ac-Ala-OMe 
(L o t 017086), c y c lo ( - A la - A la - )  (L o t  101A7) and Ac-Lys-NMe*HCl 
(L o t  11169) were o b ta in e d  from Cyclo C hem ical, D iv is io n  
T ra v e n o l  L a b o r a t o r i e s ,  I n c .  These s im p le  p e p t id e s  were used  
w i th o u t  f u r t h e r  p u r i f i c a t i o n ,  P o ly -L -h y d ro x y p ro l in e  (L o t  HP 
14/3) v/as o b ta in e d  from M ile s  YEDA L td .  PHPG ( L o t  M -62-c) 
was o b ta in e d  from New England  N u c le a r .  PBLG was o b ta in e d  
from P ie r c e  C hem ica l, P o ly - L - p r o l in e  was o b ta in e d  from
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Sigma C hem ical C o .,  S o lu t io n s  o f  p e p t id e s  o r  p o ly p e p t id e s  . 
were p r e p a re d  by a d d in g  th e  a p p r o p r i a t e  s o lv e n t  to  th e  weighed 
p e p t id e s  o r  p o ly p e p t id e s  in  a  v o lu m e tr ic  f l a s k .  The concen­
t r a t i o n  o f  Ac-Lys-NMe *HC1 was d e te rm in e d  by amino a c id  a n a l y s i s  
by D r. E. V/. B lak en e y , E th an o la ra in e  was p u r i f i e d  by vaccum 
d i s t i l l a t i o n .  D ioxane was d i s t i l l e d  b e fo r e  u s e .
PHEG was p r e p a re d  from PBDG u s in g  a  s l i g h t  m o d i f ic a t io n  
o f  th e  method o f  L o tan  e t  a l  (1 1 9 ) -  PBLG was d i s s o lv e d  i n  
p u r i f i e d  d io x an e  (5 0  ml d ioxane/gm  p o ly m e r) .  E thano lara ine  
(80  ml e thano la ra ine /gm  polym er) was s lo w ly  added t o  th e  polymer 
s o l u t i o n .  The r e a c t i o n  was k e p t  a t  60 °C f o r  ab o u t 12 h o u rs  
u n t i l  th e  r e a c t i o n  m ix tu re  became c l e a r  and an a l i q u o t  was 
s o lu b l e  i n  w a te r .  The r e a c t i o n  m ix tu re  was th e n  poured  i n t o  
c h lo ro fo rm  (500  ml/gra polym er) f o r  p r e c i p i t a t i o n .  The p r e c i ­
p i t a t e  was d i s s o lv e d  i n  w a te r  and d ia ly z e d  a g a i n s t  w a te r .
The d ia ly z e d  s o l u t i o n  was f i n a l l y  l y o p h i l i z e d  u s in g  a  d ry  
i c e - d i e t h y l e n e  g ly c o l  m onobutyl e t h e r  t r a p .  The y i e l d  was 
ab o u t 70 %, D e te c t io n  o f  r e s i d u a l  benzene  g ro u p s  i n  t h e  new 
s y n th e s iz e d  compound was c a r r i e d  o u t  by m easu rin g  th e  UV 
a b s o r p t io n  sp ec tru m  n e a r  260 nm. R e s u l t s  showed no a b s o r p t io n  
a t  t h i s  r e g io n  f o r  th e  p r o d u c t .
O p t i c a l  A c t i v i t i e s  M easurem ents o f  c i r c u l a r  d ic h ro is m  
were c a r r i e d  o u t  on a  D urrum -Jasco  Model J - 2 0  r e c o r d in g  
s p e c t r o p o l a r i m e t e r  u s in g  c a l i b r a t e d  c e i l s  w i th  p a th  l e n g t h  
from 0.1  to  10 mm. A l l  r e s u l t s  were b ased  on an in s t ru m e n t  
c a l i b r a t i o n  o f  C 0 l  = 7260 (deg*cm2/d m o l)  f o r  d -10-cam phor-
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s u l f o n i c  a c id  i n  w a te r  ( 1 2 0 ) .  T em pera tu re  was c o n t r o l l e d  by 
c i r c u l a t i n g  w a te r  from a  c o n s ta n t  te m p e ra tu r e  b a th  th ro u g h  a  
h o llo w  m e ta l  c e l l  h o l d e r .  The r e l a t i o n s h i p  betw een th e  
te m p e ra tu r e  i n  th e  c e l l  and th e  te m p e ra tu re  i n  t h e  b a th  was 
d e te rm in ed  w ith  a  th e rm o c o u p le .  C o n c e n t r a t io n s  o f  p e p t id e s  
and p o ly p e p t id e s  were a p p ro x im a te ly  from 0 .0 5  to  2 .2  mg/ml.
The mean r e s i d u e  e l l i p t i c i t y  i s  c a l c u l a t e d  by u s in g  E q u a tio n  
where f  i s  a  c a l i b r a t i o n  f a c t o r ;  S i s  a  s c a l e  f a c t o r  i n  
m i l l i d e g r e e  p e r  cm; E i s  th e  e x p e r im e n ta l  r e a d in g  i n  cm; B 
i s  th e  b a s e l i n e  r e a d in g  i n  cm; M i s  th e  m o le c u la r  w eigh t o f  
an av e ra g e  amino a c id  r e s i d u e ;  1 i s  th e  c e l l  p a th  in  mm; c 
i s  th e  c o n c e n t r a t io n  o f  polym er i n  mg/ml.
fS(E-B)M ,
= -----------------  (deg»cm /dm ol)  (4 )
l c
V i s c o s i t y  The Cannon-Ubbelohde Semimicro D i lu t i o n  
V isc o m e te r  was used f o r  m easu rin g  f low  t im e s .  The te m p e ra tu re  
was from 5 0 to  75 w ith  an u n c e r t a i n t y  ± 0 .0 3  ° .  The 
i n i t i a l  polym er c o n c e n t r a t i o n s  were a p p ro x im a te ly  10 mg/ml. 
S o lu t io n s  and s o l v e n t s  were f i l t e r e d  th ro u g h  a  s i n t e r e d  g l a s s  
f i l t e r  b e f o r e  u s e .
UV A b so rp t io n  Spectrum  UV a b s o r p t io n  s p e c t r a  were 
m easured  u s in g  a  Cary~1Jf s p e c t ro p h o to m e te r  a t  room te m p e r a tu r e .
Raman Spectra  Raman s p e c t r a  were m easured u s in g  a
JEOL L a s e r  Raman s p e c t ro p h o to m e te r  Model JR S-S1. The e x c i t i n g
o
l i n e  was th e  if880 A l i n e  g e n e ra te d  from an Ar io n  l a s e r .  A l l
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Raman s p e c t r a  w ere  o b ta in e d  from sa m p les  i n  a  m u l t i p a s s  l i q u i d  
c e l l  (RS-ML01). The a v e ra g e  number o f  l i g h t  p a s s e s  th ro u g h  
th e  m u l t i p a s s  c e l l  i s  a b o u t  10, w hich ca n  be e s t im a te d  by \ 
v i s u a l i z i n g  th e  L a s e r  l i g h t *  The number o f  l i g h t  p a s s e s  i s  
d e p e n d e n t  on t h e  a l ig n m e n t .  A l l  Raman s p e c t r a  were c a l i b r a t e d  
w i th  t h e  Raman s p e c tru m  o f  C C l^. Sam ples w ere t r e a t e d  w ith  
a c t i v a t e d  c h a r c o a l  and f i l t e r e d  th ro u g h  a  m i l l i p o r e  f i l t e r  
so a s  t o  e l i m i n a t e  f l u o r e s c e n t  i m p u r i t i e s .  A verage c o n c e n t r a ­
t i o n  o f  sam ples  was 50 mg/ral. Raman s p e c t r a  were r e c o r d e d
— 1 — 1
from 0 to 1800 cm with scan speed 500 cm /min, and sensi­
tivity if x 250 pulse/sec. Further resolution was obtained 
with scan speed 10 cm“Vmin and sensitivity 2 x 250 pulse/sec.
C a l c u l a t i o n  o f  pK f o r  t h e  D i s s o c i a t i o n  o f  Hydrogen C hlo­
r i d e  o r  S a l t  from P e p t id e  Bonds The b a s i c  a s su m p tio n  f o r  
th e  pK c a l c u l a t i o n  i s  t h a t  hydrogen  c h l o r i d e  o r  s a l t  may b in d  
to  a  p e p t i d e  bond i n  a  manner w hich  r e s u l t s  i n  c h a n g es  o f  
o p t i c a l  a c t i v i t i e s .  The c h a n g es  i n  o p t i c a l  a c t i v i t y  o f  a  
p a r t i c u l a r  p e p t i d e  u n i t  i s  assum ed to  depend  s o l e l y  upon 
w h e th e r  o r  n o t  t h e  p e p t id e  bond h a s  bound hydrogen  c h l o r i d e  
o r  s a l t .  Under t h e s e  c i r c u m s ta n c e s  t h e  L in d e rs t ro m -L a n g  
e q u a t i o n  (E q u a t io n  5) can be u sed  f o r  an  e s t i m a t i o n  o f  th e  
pK f o r  t h e  d i s s o c i a t i o n  o f  hyd ro g en  c h l o r i d e  o r  s a l t s  from 
p e p t i d e  bond. The l a s t  te rm  o f  t h e  e q u a t io n  i s  assum ed to  
be n e g l i g i b l e  b e c a u s e  co i s  v e ry  sm a l l  when th e  i o n i c  s t r e n g t h  
i s  v e r y  h ig h  ( 1 2 1 ) .  0I ,  t h e  f r a c t i o n  o f  d i s s o c i a t i o n ,  i s
d e f i n e d  by E a u a t io n  6 ,  w here 0 i s  th e  mean r e s i d u e  e l l i p t i c i t y
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a t  some a c t i v i t y  o f  H+ , or s a l t s ,  U i s  th e  mean r e s id u e  e l l i p -  
t i c i t y  a t  a c t i v i t i e s  o f  H+ o r  s a l t s  a t  which H+ o r  s a l t s  would 
n o t d i s s o c i a t e  from  th e  p e p t id e  bond , and D i s  t h e  mean r e s i d u e  
e l l i p t i c i t y  a t  a c t i v i t i e s  o f  H+ o r  s a l t s  a t  w hich H+ o r  s a l t s  
d i s s o c i a t e  c o m p le te ly  from th e  p e p t id e  bond, nam ely in  w a te r .  
pH i s  d e f in e d  a s  - l o g  a ,  where a  i s  th e  a c t i v i t y  o f  s a l t s  o r  
h y d r o c h lo r ic  a c i d .  Ion  a c t i v i t i e s  a re  assumed t o  be th e  same 
a s  s a l t  a c t i v i t i e s .  A c t i v i ty  c o e f f i c i e n t s  o f  b o th  hydrogen 
c h l o r i d e  and c a lc iu m  c h lo r id e  w ere  o b ta in e d  from R e fe re n ce  122.
(5 )
( 6)
I n  o rd e r  t o  o b ta in e d  a  b e s t  cu rv e  f i t  t h e  method o f  
w e ig h t e d - l e a s t  s q u a re  was a p p l i e d  to  e s t im a te  t h e  n o n l in e a r  
p a r a m e te r s  o f  a  fu n c t io n *  The p ro c e d u re  i s  summarized i n  
E q u a t io n  7 ,  w here W i s  a  w e ig h t in g  f u n c t io n ,  i . e . ,  th e  r e c i ­
p r o c a l  o f  u n c e r t a i n t y  of OL , M i s  th e  number o f  w av e len g th s  
a t  w hich  d a t a  p o i n t s  were c h o s e n ,  and N i s  t h e  number o f  d a t a  
p o i n t s .  The d e r i v a t i o n  of E q u a t io n s  7a , 7b a r e  shown i n  
A ppendix I .  The com puter p rogram  was based  upon E q u a tio n s  
7a and  7b .
pH = pK + l o g  — ~ — -  0 .8 6 8 < u z
1 -  Oi*
oi =
0  -  U
D -  TJ
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E s t im a t io n  o f  C o n fo rm a tio n a l  E n e rg ie s  The s t r u c t u r e  
used  i n  th e  c o m p u ta t io n  o f  c o n fo rm a t io n a l  e n e r g i e s  f o r  th e  
t h r e e  p e p t id e  u n i t s  o f  p o ly - L - a la n in e  i s  shown i n  F ig u re  3*
I n  th e  s t r u c t u r e  shown, ^ ' s ,  ^ f s ,  ct>'s a r e  t h e  same a s  th o s e  
u sed  i n - F i g u r e  1 . The X ' s  a r e  t h e  r o t a t i o n  a n g le s  ab o u t th e  
bond C ^ - C ,  w hich i s  ze ro  when N -C ^-C -H  i s  i n  th e  same p la n e .  
A l l  o f  t h e s e  p a r a m e te r s  a r e  a l s o  d e f in e d  i n  R e fe re n c e  1^.
u  ^ 33A
H *• HH V 12A  j j  -*^'-33*1 P 3 2
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F ig u re  3* s t r u c t u r e  c o n s id e re d  i n  com puting th e
c o n fo rm a t io n a l  e n e r g i e s •
’42
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The hond l e n g t h s  and "bond a n g le s  f o r  t h i s  m o lecu le  were 
t h e  same a s  th o s e  u sed  by S c o t t  and S h e rag a  (123) shown
i n  T ab le  3 .  G e n e ra l ly ,  th e  in t r a m o le c u la r  p o t e n t i a l  energy  
in c lu d e d  c o n t r i b u t i o n  from nonbonded , e l e c t r o s t a t i c ,  and 
h y d ro g en -b o n d in g  i n t e r a c t i o n s ,  a s  w e l l  a s  from th e  ene rgy  
f o r  r o t a t i o n  a b o u t  s i n g l e  b o n d s . However, i n  t h i s  model th e  
h y d ro g en -b o n d in g  i n t e r a c t i o n  was n o t  ta k e n  i n t o  c o n s i d e r a t i o n .  
The nonbonded i n t e r a c t i o n  (L e n n a rd -J o n e s  6-12  p o t e n t i a l s )  
betw een a  g iv e n  p a i r  o f  atom s v/as d e f in e d  by E q u a tio n  8 , where 
r  (A) i s  t h e  d i s t a n c e  betw een th e  two a to m s, and A and B a r e  
c h a r a c t e r i s t i c  c o n s t a n t s .  V a lu e s  o f  A and B were t h e  same a s
% B = - A / r 6 + B / r 12 ( 8 )
th o s e  u se d  by Ooi e t  a l X l 2 4 ) j  and a r e  shown i n  T ab le  A. The 
e l e c t r o s t a t i c  p o t e n t i a l  en e rg y  v/as computed f o r  p a i r w is e  
i n t e r a c t i o n s  betw een  th e  p a r t i a l  c h a rg e s  o f  atom i  and q^ 
o f  atom u s in g  E q u a t io n  12 , where r ^ . (S )  i s  t h e  d i s t a n c e  
betw een  th e  a to m s, and D r e p r e s e n t s  th e  d i e l e c t r i c  c o n s t a n t .
The p a r t i a l  e l e c t r o n i c  c h a rg e s  were th e  same a s  th o s e  used  
by B ra n t  e t  a l  ( 69 )* The p a r t i a l  e l e c t r o n i c  c h a rg e s  a r e  
0.39A f o r  C ' ,  -0 .39A  f o r  0 ,  -0 .2 8 1  f o r  If, and 0.281 f o r  H 
o f  a  p e p t i d e  u n i t .  The d i e l e c t r i c  c o n s t a n t s  u se d  a r e  3 and 
5 , v/hich a r e  i n  t h e  r a n g e  commonly u sed  t o  e v a lu a t e  th e  
i n t e r a c t i o n  o f  s t a t i c  c h a rg e s  i n  p o ly p e p t id e s  ( 123)* In
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T a b le  3 . Bond l e n g t h s  and bond a n g le s  (123)
Bond leng th(ii!) Bond a n g le
C-C' 1 .53 H-C-H 109.5°
C-N 1 .32 H-C-C 109.5°
N-C 1 .47 C-C-0
oo•oj
c'-O 1 .2 4 C-C-N 114 .0°
C-H 1 .0 0 C-W-H 123. 0°
N-H 1 .0 0 C-N-C 123. 0°
C-C(R) 1 .5 4 N-C-H 109 .5°
N-C-C 109.5°
C-C-H 109.5°
T ab le  4 . C h a r a c t e r i s t i c  c o n s t a n t s  o f  nonbonded i n t e r ­
a c t i o n  ( 124)
Atom i Atom j A ^ jC K c a l-^ /m o le ) Bi ; .(K cal • A12/m ole)
C C 370 236000
C H 128 33000
c N 366 216000
c 0 367 205000
H H 47 4500
H N 125 27000
H 0 124 25000
N N 363 161000
N 0 365 153000
0 0 367 145000
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E q u a t io n  9 , t h e  f a c t o r  332 i s  u se d  f o r  c o n v e r t in g  th e  e n e rg y  
t o  K c a l /m o le .  The t o r s i o n a l  p o t e n t i a l  ab o u t <fi, , and X
were com puted u s in g  E q u a t io n  10, w here  A i s  t h e  r o t a t i o n a l  
a n g le ,  and  B i s  a  t o r s i o n a l  b a r r i e r .  The t o r s i o n a l  b a r r i e r ,  
1 ,5  K c a l /m o le  f o r  X  and  1 ,0  K c a l /m o le  f o r  Z' ,  we r e  th e  same 
a s  t h o s e  u s e d  by B r a n t  e t  a l  ( 1 2 6 ) .  A b a r r i e r  h e i g h t  o f  
3 K c a l /m o le  was u sed  f o r  t o r s i o n  a b o u t  X  (1 2 5 )*
E
EA = 1/ 2 ( 1  -  c o s  3A) B ( 10)
The m ethod f o r  c a l c u l a t i o n  o f  i n t r a c h a i n  d i s t a n c e s  a s  
a  f u n c t i o n  o f  th e  r o t a t i o n  a n g le s  i n  t h e  c h a in  was th e  same 
a s  t h o s e . u s e d  by F lo r y  e t  a l  ( 1 2 7 ) .  The e n t i r e  p ro c e d u re  i s  
d e s c r ib e d  i n  Appendix I I ,  C o n fo rm a t io n a l  e n e r g i e s  were 
com puted a t  i n t e r v a l s  o f  30 °  f o r  <p ^ ^ 2  a s  we^  a s  $  3
and S e l e c t e d  a r e a s  we r e  th e n  reex am in ed  a t  i n t e r v a l s
o f  10° .  uJj and a s  w e l l  a s  X g  w ere  s e t  0° f o r
a l l  c o m p u ta t io n s ,  uj ^ was 0° f o r  t h e  t r a n s  c o n f i g u r a t i o n  and 
180° f o r  t h e  c i s  c o n f i g u r a t i o n .  A n io n s  o r  monatomic c a t i o n s ,
^ p +1 LJ1
e . g . ,  Ca , L i  , and  CIO^ , were t r e a t e d  a s  p o i n t  c h a r g e s .
The p o i n t  c h a rg e s  w ere  a r b i t r a r i l y  p la c e d  somewhere around  th e  
t r i p e p t i d e  u n i t .  The geom etry  o f  t h e s e  p o in t  c h a r g e s  v/as 
r e f e r r e d  t o  0 ^ 9 th e n  t r a n s f o r m e d  b a c k  t o  th e  c o o r d in a t e  sy s tem  
o f  th e  w ho le  m o le c u le .  The e x a c t  l o c a t i o n  o f  t h e  p o in t  c h a rg e
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was th e n  d e f in e d  by th e  d i s t a n c e  betw een th e  p o i n t  ch a rg e ,
M, and 0^ t t h e  "bond a n g l e , "  and  th e  d ih e d r a l  a n g le
^ 2 2 ~ ^ 2 a s  shown i n  F ig u re  P o in t  c h a rg e s  can i n  
p r i n c i p l e  be anywhere a round  th e  whole m o le c u le .  The d ih e d r a l  
a n g l e s  were a s s ig n e d  th e  v a lu e  0° when C ^ -C ^ -O ^ -M  i s  in  a  
c i s  p la n a r  c o n f ig u r a t i o n  and  180° when C^-CL,^-C^-M i s  in  a  
t r a n s  p la n a r  c o n f i g u r a t i o n .  The d i h e d r a l  an g le  f o r  com pu ta tion  
g o e s  from 0°  t o  360° ( c l o c k s i s e )  a t  if3 °  i n t e r v a l s ,  w h ile  th e  
"bond a n g l e , "  e x te n d s  from 0 °  to  180° a t  t h e  same
i n t e r v a l s .  The d i s t a n c e  betw een 0^ and p o in t  c h a rg e s  w i l l  
n o t  be l e s s  th a n  th e  sura o f  th e  e f f e c t i v e  r a d i i  o f  p o in t  * 
c h a rg e s  and t h e  extrem e c o n t a c t  d i s t a n c e  of 0 ^ ( 125)* The 
e f f e c t i v e  r a d i i  o f  atoms in v o lv e d  a r e  shown i n  T a b le  5 (1 2 7 , 
1 2 8 ) .  The r a d i u s  f o r  C lO ^  shown i n  T a b le  5 i s  the rm ochem ica l 
r a d i u s  r a t h e r  th a n  th e  e f f e c t i v e  r a d i u s  (1 2 9 ) .  A l l  a l lo w a b le  
c o n t a c t  d i s t a n c e s  between p o i n t  c h a rg e s  and atom s can n o t  
be l e s s  th a n  t h e  sura o f  t h e  e f f e c t i v e  r a d i i  o f  p o i n t  charge  
and  th e  atoms i n  th e  a l a n i n e  o l ig o m e r .  The e l e c t r o s t a t i c  
i n t e r a c t i o n s  betw een th e  member atom s o f  a  p e p t id e  u n i t ,  and 
th e  p o in t  c h a r g e s  a r e  t h e  o n ly  i n t e r a c t i o n  betw een  s a l t  and 
p e p t i d e  which a r e  in c lu d e d  i n  th e  c a l c u l a t i o n .
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F ig u r e  J+. The geom etry  o f  p o in t  c h a rg e s  ( s a l t )  r e f e r r e d  
to  02 . c 2 1 - 0 2-H, m bond a n g le  " ,  r e p r e s e n t s  t h e  a n g le  betw een
C21"°2 3X1(1 C22“C21~^2“^ rePresen^s  the dihedral angle;
M r e p r e s e n t s  p o in t  c h a rg e  ( s a l t ) .
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T ab le  5* E f f e c t i v e  r a d i i  (1 2 7 -129)
Ion C o o rd in a t io n  number
o
A
Ca+2 6
oo•*•*
L i+1 0*59
6 0 ,7 k
K+1 6 1 .38
CIO" 1 ( a ) 2 .3 6
a :  s e e  R e fe re n c e  127 and 129
CHAPTER IXI RESULTS
C i r c u l a r  D ichro ism  o f  PIIEG The c i r c u l a r  d ic h ro ism  
s p e c t r a  o f  PHEG i n  w a te r  a t  t e m p e r a tu r e s  from 5 °C to  80 °C 
a r e  shown i n  F ig u re  5* The s p e c t r a  a t  th e  lo w er  t e m p e r a tu r e s  
e x h i b i t  a  l a r g e  n e g a t iv e  band a t  198 nm, a  s m a l le r  p o s i t i v e  
band a t  21if-2 l 6 nm, and a n o th e r  s m a l l e r  n e g a t iv e  band a t  
230-232 nm. H e a t in g  d e c re a s e s  th e  i n t e n s i t y  o f  th e  n e g a t iv e  
band a t  198 nm, i n c r e a s e s  th e  i n t e n s i t y  o f  th e  s m a l le r  n e g a t iv e  
band a t  230-232 nm, and r e d u c e s  th e  p o s i t i v e  CD i n t e n s i t y  a t  
21^-216  nm. At s u f f i c i e n t l y  h ig h  t e m p e r a tu r e ,  th e  p o s i t i v e  
CD d i s a p p e a r s .
A s i m i l a r  f e a t u r e  i n  changes  o f  CD s p e c t r a  o f  PHEG in  
c o n c e n t r a t e d  s a l t  s o l u t i o n s  i s  a l s o  o b s e rv e d .  F ig u re  6 shows 
t h a t  t h e  i s o th e r m a l  a d d i t i o n  o f  ca lc iu m  c h l o r id e  c a u s e s  th e  
r e d u c t io n  o f  n e g a t iv e  CD i n t e n s i t y  a t  198 nm, th e  i n c r e a s e  
o f  th e  s m a l le r  n e g a t iv e  CD i n t e n s i t y  a t  230-232 nm, and a  
r e d u c t io n  o r  d is a p p e a ra n c e  o f  th e  p o s i t i v e  component o f  CD 
s p e c t r a  a t  21 if—216 nm. The a c c e s s i b l e  s p e c t r a l  r e g io n  f o r  
PHEG i n  s a t u r a t e d  ca lc iu m  c h l o r i d e  s o l u t i o n  i s  above 200 nm 
even when th e  l i g h t  p a th  i s  changed from 1 .0  mm to  0 .1  mm.
T h is  i s  due t o  th e  a b s o r p t i o n  o f  l i g h t  by th e  c h l o r i d e  i o n .
The e f f e c t s  o f  p o ta ss iu m  c h l o r id e  and l i t h i u m  c h l o r id e  
upon t h e  CD s p e c t r a  o b se rv e d  w ith  PHEG i n  aqueous s o l u t i o n
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F ig u r e  5* C i r c u l a r  d ic h ro is m  o f  PHEG i n  w a te r  o v e r  th e  
t e m p e r a tu r e  r a n g e  ( 5 -8 0  °C ) .  The u n c e r t a i n t y  i n  th e  c i r c u l a r  
d ic h ro is m  a t  21 Zf nm i s  £ 30 (deg»cm2/d m o l ) .
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F i g u r e  6 * C i r c u l a r  d ic h ro is m  o f  PHEG.in w a te r  and 
c a lc iu m  c h l o r i d e  s o l u t i o n s  a t  30 °0* The u n c e r t a i n t i e s  
i n  t h e  c i r c u l a r  d i c h r o i s m  a t  21 if nm a r e  -  3 0 , -  9 0 , and 
i  90 (deg*cm 2/d m o l)  f o r  PHEG i n  H^O, if M C aCl^ and  6 M 
CaCl2 , r e s p e c t i v e l y •
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a r e  shown i n  F ig u re  7 and 8 , r e s p e c t i v e l y *  The changes i n  
CD s p e c t r a  a r e  n e a r l y  th e  same a s  th o s e  obse rved  in  ca lc iu m  
c h l o r i d e .  However, q u a n t i t a t i v e  d i f f e r e n c e s  a r e  a p p a r e n t .
The r e l a t i v e  e f f e c t  o f  s a l t s  upon th e  CD a t  216 nm i s  shown
i n  F ig u re  9 ,  L i th iu m  c h l o r i d e  e x e r t s  th e  l e a s t  e f f e c t  upon
th e  r e d u c t io n  o f  t h e  p o s i t i v e  CD i n t e n s i t y .  However, th e  
p o s i t i v e  band a t  21 if nm d o es  d is a p p e a r  i n  th e  a d d i t io n  o f  
10 M l i t h i u m  c h l o r i d e .  The CD changes  a r e  n o t  rem ark ab le  i n  
th e  a d d i t i o n  o f  c a lc iu m  c h l o r i d e  w i th  c o n c e n t r a t i o n s  l e s si
th a n  if M. A s t e e p  change i n  CD i s  o b ta in e d  a t  h ig h e r  co n cen ­
t r a t i o n s  o f  c a lc iu m  c h l o r i d e .  However, i f  t h e  c o n c e n t r a t io n  
o f  c a lc iu m  c h l o r i d e  i s  r e p la c e d  by a c t i v i t y  a t  25 °C, th e  
changes  i n  CD a r e  g ra d u a l  r a t h e r  th a n  s t e e p  o v e r  th e  a c t i v i t y  
r a n g e .  P o ta s s iu m  c h l o r i d e  b r i n g s  a b o u t  a  much g r e a t e r  e f f e c t  
on th e  CD a t  c o n c e n t r a t i o n s  l e s s  th a n  if M. R e s u l t s  o f  t h e s e
s a l t  e f f e c t s  w ere o b ta in e d  a t  30 °C.
The e f f e c t s  o f  te m p e ra tu re  on th e  CD s p e c t r a  of PHEG i n  
ca lc iu m  c h l o r i d e ,  p o ta s s iu m  c h l o r i d e ,  and l i t h i u m  c h l o r id e  
a r e  shown i n  F ig u r e s  10-1 if. I n c r e a s e s  i n  te m p e ra tu re  r e s u l t  
i n  t h e  same q u a l i t a t i v e  ch an g es  i n  CD s p e c t r a  observed  w ith  
PHEG i n  s a l t  s o l u t i o n s  a s  were seen  upon h e a t in g  th e  same 
polym er i n  w a te r .  Upon h e a t i n g ,  th e  p o s i t i v e  CD i n t e n s i t y  
a t  214 nm becomes l e s s  i n t e n s e  and e v e n tu a l ly  d i s a p p e a r s  v /i th  
i n c r e a s i n g  t e m p e r a tu r e .  The s m a l le r  n e g a t iv e  band a t  230 nm 
i n c r e a s e s  upon h e a t i n g .
The te m p e ra tu r e  e f f e c t s  upon th e  CD changes  a t  214 mn,
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F ig u re  7 .  C i r c u l a r  d ic h ro ism  o f  PHEG i n  w a te r  and 
p o ta s s iu m  c h l o r i d e  s o l u t i o n  a t  30 ° c * The u n c e r t a i n t i e s  
i n  th e  c i r c u l a r  d ic h ro is m  a r e  -  3 0 , -  3 0 , and -  90 (d e g .  
cm^/dmol) f o r  H^O, 2 M KC1 and ^ M KC1, r e s p e c t i v e l y .
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F ig u r e  8 * C i r c u l a r  d ic h ro is m  'o f  PHEG i n  w a te r  and l i t h i u m  
c h l o r i d e  s o l u t i o n s  a t  *>0 °C . The u n c e r t a i n t i e s  i n  th e  c i r c u l a r
, p
d ic h ro is m  a t  21k nm a r e  t  3 0 , t  30 , and -  60 (deg .cm  /dm ol) 
f o r  PHEG i n  w a te r ,  k  M L iC l ,  and 10 K L iC l ,  r e s p e c t i v e l y , .
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F ig u re  9* E f f e c t  o f  s a l t s  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHEG a t  30 °C , The a c t i v i t y  o f  ca lc iu m  c h l o r i d e  i s  p la c e d  
on t h e  to p  o f  t h e  f i g u r e .  The cu rv e  r e p r e s e n t e d  "by o o o i s  
th e  CD change w i th  r e s p e c t  t o  CaCl2 a c t i v i t y .  The o th e r  
c u r v e s  r e f e r  t o  s a l t  c o n c e n t r a t i o n .
a C a C l 2
0  5 0  1 0 0  1 5 0  2 0 0
4
M o l a r i t y
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F ig u r e  10* E f f e c t  o f  te m p e ra tu r e  upon th e  c i r c u l a r  
d ic h ro ia m  of PHEG i n  b M CaC l^. The u n c e r t a i n t i e s  i n  th e  
c i r c u l a r  d ic h ro ism  a t  216 nm a r e  -  90 (deg»cra2/dm ol) •
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F ig u re  11. E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHEG in  if M KCI. The u n c e r t a i n t i e s  i n  th e  
c i r c u l a r  d ic h ro is m  a t  216 nm a re  -  90 (deg#cm ^/dm ol).
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F ig u re  12, E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHEG in  If M L iC l ,  The u n c e r t a i n t i e s  i n  th e
p
c i r c u l a r  d ic h ro is m  a t  216 nm a r e  -  (deg*cm  /dm ol)*
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Figure 13* Effect of temperature upon the circular 
dichroism of PHEG in 6 H CaClg. The uncertainties in the 
circular dichroism are -  90 (deg«cm2/dmol) •
b 9
F ig u re  1 if• E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro is m  o f  PHEG in  10 M L iC l ,  The u n c e r t a i n t i e s  i n  th e
p
c i r c u l a r  d ic h ro ism  a t  216 nm a r e  -  60 deg*cm /dm ol f o r  a l l  
s p e c t r a .
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o b se rv ed  w ith  PHEG in  w a te r ,  10 M l i th iu m  c h l o r id e ,  if M 
p o ta ss iu m  c h l o r id e ,  and 6 M ca lc iu m  c h lo r id e  a r e  summ arized 
in  F ig u re  15* The r a t e  o f  change in  mean r e s id u e  e l l i p t i c i t y  
a t  21 A- nm f o r  PHEG p e r  d eg ree  i s  a  s l i g h t l y  l a r g e r  i n  w a te r  
and 10 M l i t h iu m  c h lo r id e  ( d ^ O D / d T  = if5 deg*cm ^/dm ol*deg) 
th a n  i n  if M p o ta ss iu m  c h lo r id e  and 6 M ca lc iu m  c h lo r id e  
(d  £03 /d T  = 25 deg*cm /d ra o l* d e g ) . But th e  ch an g es a r e  e s se n ­
t i a l l y  th e  sam e, b e in g  ch an g in g  e l l i p t i c i t y  from  p o s i t i v e  to  
n e g a t iv e ,  o r  from n e g a t iv e  to  m o re .n e g a tiv e  w ith  in c r e a s e  in  
te m p e ra tu re .  The s a l t  e f f e c t  on th e  e l l i p t i c i t y  a t  21lf nm 
can  a l s o  be o b se rv ed  in  t h i s  f i g u r e ,  6 M ca lc iu m  d h lo r id e  
p ro d u ces  th e  l a r g e s t  e f f e c t  upon th e  change in  mean r e s id u e  
e l l i p t i c i t y .  10 M l i th iu m  c h lo r id e  e x e r t s  th e  l e a s t  e f f e c t  
upon th e  ch a n g es  i n  CD. As shown i n  t h i s  f i g u r e ,  h e a t in g  and 
a d d i t io n  o f  s a l t  le a d  to  a  cum m ulative e f f e c t  upon th e  mean 
r e s id u e  e l l i p t i c i t y  o f  PHEG.
Sodium p e r c h l o r a t e 'e x e r t s  th e  same e f f e c t s  i n  in c r e a s in g  
th e  n e g a t iv e  CD band n e a r  250 nm and d e c re a s in g  th e  p o s i t i v e  
CD band n e a r  216 nm a s  th o s e  seen  in  ca lc iu m  c h lo r id e .  The 
weak n e g a t iv e  band e x p e r ie n c e s  a  w av e len g th  s h i f t  from 250 nm 
tow ard  222 nm a lo n g  w ith  a  d e c re a s e  in  i n t e n s i t y  a t  250 nm 
(F ig u re  16 ) ,  The e f f e c t  o f  t h i s  s a l t  r e a c h e s  a  maximum when 
th e  s a l t  c o n c e n t r a t io n  becom es if M a s  shown in  F ig u re  17. 
H e a tin g  th e  polym er s o lu t io n  in  if M sodium p e r c h lo r a te  
d e c re a s e s  th e  n e g a t iv e  i n t e n s i t i e s  o f  th e  222 nm and 2 l i f ‘nm 
b an d s a s  shown in  F ig u re  18 and 19* T h is  i s  a l s o  d i f f e r e n t
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Figure 15* Effect of temperature upon the circular 
dichroism (H1if nm) of PHEG in water, 10 M LiCl, if M KCI, 
and CaClg.
F ig u re  16* E f f e c t  o f  sodium  p e r c h lo r a te  upon th e  
c i r c u l a r  d ic h ro ism  o f  PHEG a t  30 ° 0 , The u n c e r t a i n t i e s  
i n  th e  c i r c u l a r  d ic h ro ism  a t  h o th  211* and 222 nm a r e
p O
-  30 deg*cm /d rao l in  w a te r ,  and -  60 deg«cm /dm ol i n  
sodium  p e r c h l o r a t e .
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F ig u re  17* E f f e c t  o f  sodium  p e r c h l o r a te  upon th e  c i r c u l a r  
d ic h ro is m  (211+ and  222 nm) o f  PHEG a t  30  °C*
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F ig u re  18, E f f e c t  of te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro is m  of PHEG i n  if M NaClO^. The u n c e r t a in t i e s  in  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  a t  21 k and 222 nm a r e  
t  60 deg*cm2/d m o l.
' / / / * !
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F ig u re  19* E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro is m  (21** and  222 nm) o f  PHEG in  4 M N aClO ^.
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from  th e  te m p e ra tu re  e f f e c t  upon th e  CD s p e c t r a  o f  PHEG in  
ca lc iu m  c h l o r id e .  T h is  f e a tu r e  i s  s im i l a r  to  th e  e f f e c t  o f 
p o ta ss iu m  c h lo r id e  upon th e  CD s p e c t r a  o f  PHPG, a s  w i l l  he shown 
in  F ig u re  2h i n  t h i s  d i s s e r t a t i o n .
C i r c u la r  D ich ro ism  o f  PHPG The c i r c u l a r  d ic h ro ism  
o b se rv ed  w ith  PHPG in  w a te r  a t  te m p e ra tu re s  from 5 “ 50 °C 
i s  shown in  F ig u re  20 (10A ). The CD s p e c t r a  o f  PHPG in  w a te r 
a r e  q u a l i t a t i v e l y  s im i la r  a t  te m p e ra tu re s  from  5 to  50 °C, a l l  
e x h i b i t in g  a  s t r o n g  n e g a t iv e  band a t  222 nm and a  l o c a l  maximum 
n e a r  21if nm. In  a l l  c a s e s  h e a t in g  d e c re a s e s  th e  i n t e n s i t y  
o f  th e  n e g a t iv e  bands a t  222 nm and 21J+ nm. The l a r g e  n e g a tiv e  
band a t  222 nm i s  due to  th e  n -  TT t r a n s i t i o n  o f th o s e  p e p t id e  
u n i t s  w hich  a r e  i n  th e  <x - h e l i c a l  c o n fo rm a tio n  ( 130) ,
The e f f e c t s  o f  s a l t s  upon th e  CD o f  PHPG a t  30 °C a r e  
shown in . F ig u re  21* A d d itio n  o f  ca lc iu m  c h lo r id e  (A M) o r  
l i t h iu m  c h lo r id e  (1 0  M) le a d s  to  a  d e c re a s e  o f  th e  s t r e n g th  
o f  b o th  n e g a t iv e  bands a t  222 nm and 21A nm. F u rth e rm o re , 
th e  CD band a t  21 h nm becom es p o s i t i v e .  I n  M ca lc iu m  
c h lo r id e  and 10 M l i th iu m  c h lo r id e  t h e r e  i s  no t r a c e  o f  th e  
n - f f *  t r a n s i t i o n  p ro d u ced  by a  - h e l i c a l  p e p t id e  u n i t s .  On
*
th e  o th e r  h an d , p o ta ss iu m  c h lo r id e  and sodium  p e r c h lo r a te
enhance th e  n e g a t iv e  i n t e n s i t i e s  a t  b o th  222 nm and 21 if nm.
Sodium p e r c h lo r a te  h a s  more e f f e c t  i n  in c r e a s in g  th e  n e g a tiv e
i n t e n s i t i e s  a t  b o th  222 nm and 21^ nm b a n d s . Sodium p e r c h lo - ' 
r a t e  h a s  i t s  maximum e f f e c t  i n  a  2 M s o l u t i o n .  The e f f e c t
in c r e a s e s  s h a rp ly  w ith  in c r e a s in g  s a l t  c o n c e n t r a t io n s  l e s s
F ig u re  20# E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHPG in  w ater#  The u n c e r t a i n t i e s  f o r  a l l  
s p e c t r a  a t  b o th  21 if and 222nm a r e  £■ 90 deg.cm 2/dm ol#
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F ig u re  21• E f f e c t  o f  s a l t s  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHPG in  w a te r  a t  30 °C . The u n c e r t a i n t i e s  i n  th e  c i r c u l a r  
d ic h ro ism  f o r  a l l  s p e c t r a  a t  21 Zf and  222 nm a r e  t  60 deg*cm ^/ 
dm ol.
61
3 0
/ /
4 M  C a C I
220200
X , nm
63
F ig u re  2 2 * E f f e c t  o f  sodium p e r c h lo r a t e  u p o n 'th e  c i r c u l a r  
d ic h ro ism  o f PHPG a t  30 °C* The u n c e r t a i n t i e s  i n  th e  c i r c u l a r  
d ic h ro ism  f o r  a l l  s p e c t r a  a t  21J* and  222 nm a r e  -  60 deg*cm2/   ^
dm ol.
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F ig u re  23# E f f e c t  o f  sodium  p e r c h l o r a t e  upon th e  c i r c u l a r  
d ic h ro ism  (2H f and 222 nm) o f  PHPG a t  3 0  °C.
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F ig u re  2k* E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHPG in  If M K Cl. The u n c e r t a i n t i e s  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  a t  21 If and 222 nm a r e
j p
-  60 deg*cm /dm ol*
F ig u re  2 5 * E f f e c t  o f te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f PHPG in  2 M HaClO^. The u n c e r t a i n t i e s  i n  
th e  c i r c u l a r  d ic h ro is m  fo r  a l l  s p e c t r a  a t  2 lit- and 222 nm 
a r e  -  60 deg»cm^/dmol»
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F ig u re  2 6 . E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ich ro ism  o f  PHPG in  M CaClg# The u n c e r t a i n t i e s  i n  th e  
c i r c u l a r  d ic h ro is m  a t  21 k  and 222 nm a r e  -  60 deg«cm ^/dm ol 
f o r  a l l  s p e c t r a .
F ig u re  27« E f f e c t  o f te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHPG i n  10 M L iC l. The u n c e r t a i n t i e s  a re  
th e  same a s  th o s e  i n  F ig u re  26 .

F ig u re  2 8 ,  T em p era tu re  e f f e c t  upon th e  c i r c u l a r  
d ic h ro ism  (222  nm) o f PHPG in  w a te r  and s a l t  s o l u t i o n s .
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te m p e ra tu re  would le a d  to  r e d u c t io n  o f  n e g a t iv e  i n t e n s i t i e s ,  
w h ile  c a lc iu m  c h lo r id e  and l i th iu m  c h lo r id e  a r e  i n  a n o th e r  
g roup  in  w hich h e a t in g  would in c r e a s e  th e  n e g a t iv e  i n t e n s i t i e s  
a t  th e  same CD bands* S a l t  e f f e c t s  can  be c a ta g o r iz e d  in  t?/o 
g ro u p s too*  Under th e  same c o n d i t io n  one o f  them  would 
d e c re a se  n e g a t iv e  i n t e n s i t i e s  a s  se e n  in  ca lc iu m  c h lo r id e  and 
l i th iu m  c h lo r id e ,  th e  o th e r  would c a u se  in c r e a s e  in  n e g a tiv e  
i n t e n s i t i e s  l i k e  p o ta ss iu m  c h lo r id e  and sodium  p e r c h lo r a te .  
Summing up th e  o b s e rv a t io n  one would re a c h  a  c o n c lu s io n  t h a t  
h e a t in g  w i l l  oppose th e  e f f e c t  o f  s a l t s  upon th e  c i r c u l a r  
d ic h ro ism  o f  PHPG f o r  th o s e  c i rc u m s ta n c e s  d e s c r ib e d  h e r e .
The p e rc e n ta g e  in c r e a s e  o f  ot - h e l i c a l  c o n te n t  may be 
c a lc u l a te d  by assum ing  t h a t  th e  c o m p le te ly  h e l i c a l  p o ly p e p tid e
p
h a s  a  mean r e s id u e  e l l i p t i c i t y  o f  ab o u t - ^ 0 ,0 0 0  deg*cm /dm ol 
a t  222 nm ( 8 5 ) ,  and th e  amount f o r  th e  c o m p le te ly  d is o rd e re d  
p o ly p e p tid e  i s  c lo s e  t o  z e ro  ( 104-) a t  th e  same w av e len g th .
The is o th e rm a l  a d d i t io n  o f  s a l t s  a t  30  °C would in c r e a s e  
h e l i c a l  c o n te n t  by a b o u t 6 % f o r  k  M p o ta ss iu m  c h lo r id e  and 
12 % f o r  2 M sodium p e r c h lo r a te .
C i r c u la r  D ich ro ism  o f  Ac-Ala-N-Ke and C y c lo (-A la -A la -)
The c i r c u l a r  d ic h ro is m  o f  Ac-Ala-N-Me (1 3 1 -1 3 3 ) and 
c y c lo ( -A la -A la - )  (133 ) i n  w a te r  and v a r io u s  s a l t  s o lu t io n s  a t  
te m p e ra tu re s  have been  r e p o r te d  p r e v io u s ly .  B e s id e s  th o se  
s a l t  e f f e c t s  i n  p re v io u s  p a p e rs  ( 131- 133)> i t  i s  w o rth w h ile  
t o  exam ine in  more d e t a i l  th e  e f f e c t  o f  ca lc iu m  c h lo r id e  and 
h y d ro c h lo r ic  a c id  upon th e  CD s p e c t r a  o f  Ac-Ala-N-Me and
75
c y c lo ( - A la - A la - ) • The a c c e s s ib l e  r e g io n  o f  th e  s p e c t r a  
o b ta in e d  w ith  th e s e  two m o le c u le s  in  c a lc iu m  c h lo r id e  and 
h y d ro c h lo r ic  a c id  would be above 200 nm, b ecau se  o f  l i g h t  
a b s o rp t io n  by c h lo r id e  io n .  However, a  n e g a t iv e  CD band 
below  200 nm was o b se rv ed  w ith  th e s e  two compounds i n  w a te r  
( 1 3 3 ) .
. F ig u re  29 shows th e  e f f e c t  o f  th e  is o th e rm a l  a d d i t io n  
o f  ca lc iu m  c h lo r id e  upon th e  c i r c u l a r  d ic h ro ism  o f  Ac-Ala-N-Me 
a t  25 °C. The e f f e c t  le a d s  t o  an in c r e a s e  in  n e g a t iv e  CD 
i n t e n s i t i e s  in  t h e  o b serv ed  s p e c t r a l  r e g io n  w ith, in c r e a s in g  
s a l t  c o n c e n t r a t io n .  The ch an g es a r e  s im i l a r  to  th o s e  p roduced  
by h e a t in g  th e  compound in  w a te r ,  th e  is o th e rm a l  a d d i t io n  o f 
sodium  p e r c h lo r a te  ( 133)* and h e a t in g  a s  w e ll  a s  th e  
is o th e r m a l  a d d i t io n  o f  th e  same s a l t s  to  aqueous s o lu t io n s  o f 
PHEG and p o ly -L -g lu ta m ic  a c id  (1 0 if ) , T h is  compound e x h i b i t s  
t h e  same ty p e s  o f  changes upon h e a t in g  in  th e  s a l t  s o lu t io n s  
a s  v/ere o b se rv ed  upon h e a t in g  i n  w a te r  ( 133) .
Ac-Ala-H-Me i s  s u f f i c i e n t l y  s t a b l e  i n  h y d ro c h lo r ic  a c id  
s o lu t io n  a t  room te m p e ra tu re  so t h a t  th e  e f f e c t  o f  h y d ro c h lo r ic  
a c id  upon th e  CD s p e c t r a  can  be fo llo w e d . F ig u re  30 shows 
th e  e f f e c t  o f  h y d ro c h lo r ic  a c id  a t  15 °C upon th e  CD s p e c t r a  
o f  Ac-Ala-N-M e. The s p e c t r a  rem a in  unchanged h o u rs  a f t e r  
th e  a d d i t io n  o f  h y d ro c h lo r ic  a c i d .  The e f f e c t  i s  e s s e n t i a l l y  
th e  same a s  th o s e  o b se rv ed  in  ca lc iu m  c h l o r id e .
C y c lo ( -A la -A la -)  i s  more s u s c e p t ib le  to  h y d r o ly s is  by 
h y d ro c h lo r ic  a c i d .  However, i f  s p e c t r a  a r e  ta k e n  a t  a
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F ig u re  29* E f f e c t  o f  c a lc iu m  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro is m  o f  Ac-Ala-NMe a t  25 °C . The u n c e r t a in ty  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  216 nm i s  -  20 deg» 
cm /dm ol*
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F ig u re  30* E f f e c t  o f  h yd rogen  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro ism  o f  Ac-Ala-NMe a t  15 °C . The u n c e r t a in ty  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  a t  216 nm i s  £ JfO deg*cm2/  
dmol*
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te m p e ra tu re  below  7 °C w ith in  two h o u rs  a f t e r  th e  a d d i t io n  
o f  th e  a c i d ,  th e  compound s t i l l  rem a in s  u n changed . The 
s t a b i l i t y  o f  t h i s  compound i s  d ep en d en t on tim e  a s  shown in  
F ig u re  3 1 . The n e g a t iv e  CD i n t e n s i t i e s  a t  216 nm a t  7 °C 
d e c re a s e s  a s  tim e i n c r e a s e s ,  and e v e n tu a l ly  a  p o s i t i v e  band 
a p p e a rs  when tim e  go es beyond 38 h o u rs .  The e f f e c t  o f  th e  
a c id  upon th e  CD s p e c t r a  o f  c y c lo ( -A la -A la - )  i s  d e p ic te d  in  
F ig u re  32 * G e n e ra lly  s p e a k in g , th e  e f f e c t s  a r e  s m a ll ,  a lth o u g h  
th e  p o s i t i v e  band a t  w av e len g th s  g r e a t e r  th a n  230 nm does 
d e c re a s e ,  and th e  n e g a t iv e  i n t e n s i t y  below  230 nm d e c re a s e s  
a s  th e  a c id  c o n c e n tr a t io n  i n c r e a s e s .  The e f f e c t  o f  ca lc iu m  
c h lo r id e  i s  g r e a t e r  th a n  t h a t  o f  h y d ro c h lo r ic  a c id ,  a s  shown 
in  F ig u re  33* I n c r e a s in g  s a l t  c o n c e n t r a t io n  moves th e  whole 
s p e c t r a  tow ard  th e  more p o s i t i v e  d i r e c t i o n .  However, th e  
s p e c t r a  i n  w a te r  and s a l t  s o lu t io n s  w ith  c o n c e n tr a t io n  l e s s  
th a n  1 M a r e  i n d i s t i n g u i s h a b l e .  The c a l c u l a t i o n  o f  th e  mean 
r e s id u e  i s  b ased  on th e  m o le c u la r  w e ig h t p e r  c a rb o n y l g ro u p .
The c i r c u l a r  d ic h ro is m  o f  c y c lo ( -A la -A la - )  i s  e s s e n t i a l l y  
in d e p e n d e n t o f  te m p e ra tu re  i n  ca lc iu m  c h lo r id e  s o lu t io n  a s  
w e ll  a s  i n  w a te r , w hich  i s  in  a c co rd an c e  w ith  th e  r e s u l t s  
r e p o r te d  p r e v io u s ly  (133)*
C i r c u la r  D ich ro ism  o f Ac-Lys-HMe The te m p e ra tu re  
d ep en d en t c i r c u l a r  d ic h ro is m  o f  Ac-Lys-NMe*HCl in  w a te r  i s  
shown in  F ig u re  3^» T h ere  i s  a  v e ry  weak p o s i t i v e  CD band 
n e a r  216 nm a t  10 °C . I n c r e a s in g  te m p e ra tu re  would le a d  to  
th e  d is a p p e a ra n c e  o f  th e  p o s i t i v e  band and in c r e a s e  i n  n e g a t iv e
79
F ig u re  3 1 . E f f e c t  o f  c o n c e n tr a te d  hydrogen  c h lo r id e  
upon th e  c i r c u l a r  d ic h ro is m  o f c y c lo ( -A la -A la - )  a t  7 °C . 
The CD s p e c t r a  i s  tim e  d e p e n d e n t. The u n c e r t a in ty  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  a t  216 and 230 nm i s  
-  60 deg»cm2/d m o l.
t  ©  1 X  ' °
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F ig u re  32* E f f e c t  o f  hydrogen  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro ism  o f  c y c lo ( -A la -A la - )  a t  10 °C . The u n c e r t a in ty  in  
th e  c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  230 nm i s  
-  20  deg*cm^/dmol*
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F ig u re  3 3 * E f f e c t  o f  ca lc iu m  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro ism  o f c y c lo ( -A la -A la - )  a t  33 °C . The u n c e r t a in ty  in  
t h e  c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  230 nm i s  
-  20  deg .cm ^/dm ol.
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F ig u re  3k* E f f e c t  o f  te m p e ra tu re  upon c i r c u l a r  
d ic h ro ism  o f  Ac-Lys-NMe. The u n c e r t a in ty  i n  th e  c i r c u l a r  
d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  216 nm i s  ^ 20  deg«cm /d m o l.
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CD i n t e n s i t i e s .  T h is  ty p e  o f  change i s  e s s e n t i a l l y  th e  same 
a s  th o s e  seen  in  Ac-Ala-NMe and PHEG i n  w a te r .  F u r th e r  
in c r e a s e s  i n  n e g a t iv e  i n t e n s i t i e s  a r e  o b ta in e d  when th e  
s o lu t io n  i s  a d ju s te d  to  a l k a l i n e  pH (p h  12) by NaOH (F ig u re
3 5 ) .
The c i r c u l a r  d ic h ro is m s  o b se rv ed  w ith  Ac-Lys-NMe a t  25 °C 
in  ca lc iu m  c h lo r id e  and sodium  p e r c h lo r a te  a r e  shown i n  
F ig u re s  56 and 3 7 . The changes a r e  s im i l a r  to  th o s e  p roduced  
by th e  is o th e rm a l  a d d i t io n  o f  s a l t s  to  PHEG o r Ac-Ala-NMe. 
These s a l t s  e x e r t  th e  same e f f e c t  upon c i r c u l a r  d ic h ro ism  
o f  t h i s  compound i n  w a te r  i n  b o th  a c id ic  and a l k a l i n e  pH a s  
i s  shown in  F ig u re  3 8 . F ig u re  38 a l s o  shows t h a t  th e  c i r c u l a r  
d ic h ro ism  o f Ac-Lys-NMe i n  th e s e  s a l t  s o lu t io n s  a t  b o th  pH 
ra n g e s  i s  e s s e n t i a l l y  u n a f f e c te d  by h e a t in g .
E f f e c t  o f  D e te rg e n ts  on C i r c u la r  D ich ro ism  o f  PHEG and 
PHPG The c i r c u l a r  d ic h ro ism  o f  PHEG i n  0 .1  % SDS, 
T r is -p h o s p h a te  b u f f e r 1(pH 8 . 0 ) ,  and T r is -p h o s p h a te  b u f f e r  
(pH 8 .0 )  c o n ta in in g  0 .1  % SDS a r e  shown in  F ig u re s  39-^1 ( 1 3 ^ ) .  
The CD s p e c t r a  o f  PHEG in  th e s e  s o lv e n ts  a t  te m p e ra tu re s  from  
5 °C to  50 °C a r e  q u a l i t a t i v e l y  s im i la r  to  th o s e  p ro d u ced  by 
PHEG i n  w a te r ,  a l l  e x h ib i t in g  a  p o s i t i v e  band a t  21 if—218 nm 
and a  s m a lle r  n e g a t iv e  band 228-232 nm. I n  a l l  c a s e s ,  h e a t in g  
te n d s  to  b r in g  th e  s p e c t r a  to w ard s  th e  more n e g a t iv e  d i r e c t i o n .  
The e f f e c t s  o f  SDS and b u f f e r  upon th e  c i r c u l a r  d ic h ro is m  a t  
21A. nm o f PHEG o b se rv ed  a s  a  f u n c t io n  o f  te m p e ra tu re  a r e  shown 
in  F ig u re  A2 ( 13^ ) .  T here  a r e  no a p p r e c ia b le  ch an g es i n  CD
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Figure 35* Effect of pH upon the circular dichroism of 
Ac-Lys-NMe at 15 and 30 °C« The uncertainty in the circular 
dichroism for all spectra near 216 nm is - 20 deg*cm /dmol*
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F ig u re  3 6 * E f f e c t  o f  c a lc iu m  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro is m  o f  Ac-Lys-NMe a t  25 ° c « The u n c e r t a i n ty  in  th e  
c i r c u l a r  d ic h ro is m  f o r  a l l  s p e c t r a  n e a r  216 nm i s  -  20  deg* 
cra2/dm ol*
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F ig u re  37* E f f e c t  o f  sodium  p e r c h lo r a te  upon th e  c i r c u l a r  
d ic h ro ism  o f  Ac-Lys-NMe a t  25 °C . The u n c e r t a in ty  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  216 nm i s  
i  20 deg*cm2/d m o l#
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F ig u re  38* E f f e c t  o f  te m p e ra tu re  upon th e  c i r c u l a r  
d ic h ro ism  o f Ac-Lys-NMe i n  CaCl2 and NaClO^ a t  a c id ic  and 
a l k a l i n e  pH* The u n c e r t a in ty  i n  c i r c u l a r  d ic h ro ism  f o r  a l l  
s p e c t r a  n e a r  216 nm i s  i  20  deg*cm /d m o l.
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F ig u re  39* T em pera tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHEG in  0.1 % SDS. The u n c e r t a in ty  in  th e  c i r c u l a r  
d ic h ro is m  fo r  a l l  s p e c t r a  n e a r  216 nm i s  £ 30 deg.cm 2/d m o l.
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F ig u re  /f0 .  T em p era tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHEG in  T r is -p h o s p h a te  b u f f e r  (pH 8 . 0 ) .  The u n c e r t a i n t i e s  
i n  th e  c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  216 nm a r e  th e  
same a s  th o s e  i n  F ig u re  3 9 ,
20
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F ig u re  if 1 * T em p era tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHEG i n  T r is -p h o s p h a te  b u f f e r  (pH 8 ,0 )  c o n ta in in g  0 .1  % SDS. 
The u n c e r t a i n t i e s  i n  th e  c i r c u l a r  d ic h ro is m  f o r  a l l  s p e c t r a  
n e a r  216 nm a r e  th e  same a s  th o s e  se en  in  F ig u re  39•
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F ig u re  *f2# T em pera tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
(21i*. nm) o f PHEG i n  w a te r , 0 .1  % SDS, T r is -p h o s p h a te  b u f f e r  
(pH 8 . 0 ) ,  and T r is -p h o s p h a te  b u f f e r  c o n ta in in g  0 .1  % SDS.
o[ 0 )  X I 0 " 3 , 2 1 4 n m
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s p e c t r a  o f PfiEG in  th e  p re se n c e  o f  SDS. The b u f f e r  e x e r t s  a  
l a r g e r  e f f e c t  upon c i r c u l a r  d ic h ro ism  under th e  same c o n d i t io n  
th a n  SDS d o e s . T here i s  no e v id e n ce  f o r  b in d in g  o f  SDS to  
PHEG, s tu d ie d  by e q u i l ib r iu m  d i a l y s i s  (135)*
The e f f e c t s  o f  th e  s o lv e n t  sy s tem s u sed  above w ith  PHEG 
upon th e  c i r c u l a r  d ic h ro is m  o f PHPG a t  te m p e ra tu re s  from 10 °C 
to  50 °C a r e  shown i n  F ig u re s  k 3 -k 5  (13^)*  The te m p e ra tu re  
e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  o f PHPG in  th e s e  s o lv e n ts  
i s  s im i la r  to  th o s e  o b se rv ed  w ith  PHPG in  w a te r .  The r e s u l t s  
f o r  th e s e  e f f e c t s  a r e  sum m arized in  F ig u re  (13^)«  SDS 
d is p la y s  o n ly  a  sm a ll e f f e c t  on th e  CD ch an g es o f  PHPG, w hich 
i s  n o t a s  much a s  th o s e  produced  by b u f f e r .  The in c r e a s e  o f 
n e g a t iv e  CD i n t e n s i t i e s  a t  222 nm a r e  n o t  more th a n  1500 
( deg*cm /d m o l) . T h e re fo re  u s in g  th e  same c a l c u l a t i o n  a s  
m en tioned  above th e  in c r e a s e  i n  h e l i c a l  c o n te n t  upon th e  
a d d i t io n  o f  th e  d e te r g e n t  would n o t  exceed k %•
C ir c u la r  D ichro ism  o f P o ly -L -P ro l in e  FLP in  w a te r  a t  30° 
e x h i b i t s  a  w e l l - e s t a b l i s h e d  c i r c u l a r  d ic h ro ism  spectrum  w ith  
a  minimum a t  206 nm, a  maximum a t  228 nm and c ro s s o v e r  a t  
22/f nm ( 5 0 , 5^ )*  Tn t h e  p re se n c e  o f ca lc iu m  c h lo r id e  b o th  th e  
maximum and th e  minimum o f CD sp ec tru m  a r e  a l t e r e d  in  such  a  
way t h a t  b o th  i n t e n s i t i e s  a r e  r e d u c e d . The m ost o b v io u s change 
i s  th e  d is a p p e a ra n c e  o f  th e  p o s i t i v e  band in  th e  h ig h ly  concen­
t r a t e d  s a l t  s o lu t io n s  (50»54)»  The s a l t  e f f e c t  upon th e  CD 
spec trum  i s  shown in  F ig u re  ( 5 0 ) .  H y d ro c h lo r ic  a c id  
e x h i b i t s  th e  same ty p e  o f  e f f e c t  on th e  CD sp ec tru m  a s  seen
97
F ig u re  k3* T em p era tu re  e f f e c t  upon t h e  c i r c u l a r  d ic h ro ism  
o f  PHPG i n  0 .1  % SDS, The u n c e r t a i n t i e s  i n  th e  c i r c u l a r  
d ich ro ism  f o r  a l l  s p e c t r a  n e a r  21/f and 222 nm a r e  -  60 deg«cm / 
dmol.
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F ig u re  44 • T em pera tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHPG i n  T r is -p h o s p h a te  b u f f e r  (pH 8 , 0 ) .  The u n c e r t a i n t i e s  
i n  th e  c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  a r e  th e  same a s  
th o s e  seen  i n  F ig u re  43 •
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F ig u re  45* T em p era tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro ism  
o f  PHPG i n  T r is -p h o s p h a te  "buffer (pH 8 .0 )  c o n ta in in g  0 .1  % SDS. 
The u n c e r t a i n t i e s  in  th e  c i r c u l a r  d ic h ro is m  a re  th e  same a s  
th o s e  se en  in  F ig u re  43*
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F ig u re  lf6 . T em p e ra tu re  e f f e c t  upon  th e  mean r e s id u e  
e l l i p t i c i t y  a t  222 nm f o r  PHPG i n  w a te r ,  0 # 1 % SDS, 
T r i s -p h o s p h a te  "buffer (pH 8 .0 )  c o n ta in in g  0 .1  % SDS, 
an d  T r is -p h o s p h a te  "bu ffe r (pH 8 . 0 ) .
lOlf
F ig u re  V7# E f f e c t  o f  ca lc iu m  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro ism  o f p o ly -L -p ro l in e  a t  30 °C . The u n c e r t a in ty  i n  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  228 nm i s  -  60
p
deg^cm /d m o l.
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F ig u re  Z*8 * E f f e c t  o f  hydrogen  c h lo r id e  upon th e  c i r c u l a r  
d ic h ro ism  o f  p o ly -L -p ro l in e  a t  25 °C« The u n c e r t a in ty  in  th e  
c i r c u l a r  d ic h ro ism  f o r  a l l  s p e c t r a  n e a r  228 nm i s  -  80 
deg»cm /d m o l.
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i n  ca lc iu m  c h lo r id e  a s  shown in  F ig u re  A8 . T h is  ty p e  of 
change i s  an a lo g o u s  t o  th o s e  seen  i n  PHEG,
I n t r i n s i c  V is c o s i ty  Sam ples o f  PHEG u se d  f o r  th e  
v i s c o s i t y  s t u d i e s  in c lu d e  PHEG # 6 , PHEG # 7 ,  PHEG#-8 , and 
PHEG # 9 ,  i n  w hich th e  num bers r e f e r  to  d i f f e r e n t  p r e p a r a t io n s .  
O nly PHEG# 7  was f r a c t i o n a t e d  th ro u g h  Sephadex G100, S ix  
f r a c t i o n s  (F2  to  F7) w ere o b ta in e d , o f  w hich number av e ra g e  
m o le c u la r  w e ig h ts  have been  e s tim a te d  and p u b lis h e d  i n  a  
p re v io u s  p a p e r  ( 7 2 ) ,  The number a v e ra g e  m o le c u la r  w e ig h ts  
e s t im a te d  a r e :  F ^ , 7 2 ,0 0 0  3000 ; F ^ , 7 1 ,0 0 0  £ 3 0 0 0 ; F ^ ,
5 1 ,0 0 0  £ 3 0 0 0 .
A p l o t  o f  red u ced  v i s c o s i t y  v s .  c o n c e n t r a t io n  f o r  th r e e  
f r a c t i o n s  o f  PHEG # 7  i n  w a te r  a t  30 °0 i s  shown in  F ig u re  if9 • 
The i n t r i n s i c  v i s c o s i t i e s  w ere o b ta in e d  from th e  l i n e a r  e x t r a ­
p o la t io n  o f  th e  red u ced  v i s c o s i t y  to  z e ro  c o n c e n t r a t io n .  The 
red u ce d  v i s c o s i t i e s  o f  PHEG in  w a te r  in c r e a s e  w ith  in c r e a s in g  
c o n c e n t r a t io n  in  a  l i n e a r  f a s h io n .  The H uggin*s c o n s ta n ts  
c a lc u la te d  from  E q u a tio n  1 1 a r e  c lo s e  to  O.3 2  f o r  th e s e  
f r a c t i o n s  o f  PHEG, w hich  i s  ty p i c a l  f o r  a  l i n e a r  random c o i l  
w hich  i s  n o t  charged  ( 136) ,  T he■i n t r i n s i c  v i s c o s i t i e s  
in c r e a s e  w ith  in c r e a s in g  m o le c u la r  w e ig h t .  The r e s u l t s  o f 
i n t r i n s i c  v i s c o s i t y  m easurem ent a s  a  f u n c t io n  o f te m p e ra tu re
’ /  C = + K ] 2csp ( 1 1 )
F ig u re  49* Reduced v i s c o s i t y  a s  a  f u n c t io n  of 
c o n c e n tr a t io n  o f PHEG#7 in  w a te r  a t  30 °C .
The u n c e r t a i n t i e s  in  red u ced  v i s c o s i t i e s  a t  z e ro  polymer 
c o n c e n tr a t io n  a r e  t  0 .0 1 5  d l/g m .
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F ig u re  5 0 . T em p era tu re  e f f e c t  upon th e  i n t r i n s i c  
v i s c o s i t y  o f  PHEG# 7  in  w ate r*  The u n c e r t a i n t i e s  in  i n t r i n s i c  
v i s c o s i t i e s  a r e  i  0 .0 1 5  d l/g m .
1 1 2
a r e  shown i n  F ig u re  50* R a is in g  te m p e ra tu re „d e c re a s e s  th e  
i n t r i n s i c  v i s c o s i t y  f o r  a l l  f r a c t i o n s  o f  PHEG# 7 ,
The e f f e c t s  o f  ca lc iu m  c h lo r id e  and p o ta ss iu m  c h lo r id e  
on th e  red u c e d  v i s c o s i t i e s  o f  PHEG # 6  a t  30  °0 a r e  shown in  
F ig u re s  51 and 5 2 , r e s p e c t iv e ly *  The r e s u l t s  o f  i n t r i n s i c  
v i s c o s i t i e s  o f  PHEG # 6  i s  p re s e n te d  a s  C "’Z J v s * c o n c e n t r a t io n  
o f  s a l t  i n  F ig u re  53 ( 7 2 ) .  The d a ta  p o in t  a t  lo w e s t s a l t  
c o n c e n tr a t io n  r e p r e s e n t s  th e  i n t r i n s i c  v i s c o s i t i e s  o f  PHEG# 6  
in  w a te r .  P o ta ss iu m  c h lo r id e  d e c re a s e s  th e  i n t r i n s i c  v is c o ­
s i t i e s  g r a d u a l ly  i n  a  l i n e a r  fa s h io n  w ith  in c r e a s in g  s a l t  
c o n c e n t r a t io n s .  On th e  o th e r  h an d , a t  c o n c e n t r a t io n s  "below 
2 M, ca lc iu m  c h lo r id e  i n c r e a s e s  th e  i n t r i n s i c  v i s c o s i t i e s  o f  
PHEG# 6 s l i g h t l y .  They th e n  d e c re a s e  s h a rp ly  a t  c o n c e n tr a t io n s  
beyond 2 M.
The e f f e c t s  o f  sodium  p e r c h lo r a te  upon th e  red u ced  v is c o ­
s i t i e s  o f  PHEG and PHPG a r e  shown in  F ig u re s  54 and 55* A 
p l o t  o f th e  i n t r i n s i c  v i s c o s i t i e s  o f b o th  PHEG and PHPG v s .  
c o n c e n tr a t io n  i s  g iv e n  i n  F ig u re  5 6 . The e f f e c t s  o f  sodium  
p e r c h lo r a te  upon th e  i n t r i n s i c  v i s c o s i t y  a r e  th e  same f o r
b o th  p o ly m e rs , b e in g  a  d e c re a s e  in  i n t r i n s i c  v i s c o s i t y  w ith
/
i n c r e a s in g  s a l t  c o n c e n t r a t io n .
The e f f e c t  o f  h y d ro c h lo r ic  a c id  (1 2  M) upon th e  red u ced  
v i s c o s i t i e s  o f  PHEG i s  tim e  dependen t b ec au se  th e  polym er i s  
s u b je c t  t o  h y d r o ly s is  by th e  a c id .  T h e re fo re  i t  i s  n e c e s s a ry  
t o  e x t r a p o la te  th e  re d u c e d  v i s c o s i t i e s  t o  z e ro  t im e .  T h is  
i s  n o t a  s t r a i g h t  l i n e  e x t r a p o la t i o n ,  a s  shown in  F ig u re  5 7 .
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F ig u re  51 • Reduced v i s c o s i t y  a s  a  f u n c t io n  o f  
c o n c e n tr a t io n  f o r  PHEG# 6  in  ca lc iu m  c h lo r id e  a t  30 °0* The 
u n c e r t a i n t i e s  in  re d u ce d  v i s c o s i t i e s  a t  z e ro  polym er concen­
t r a t i o n  a r e  ±* 0 .0 2  d l/g ra .
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F ig u re  5 2 . R educed v i s c o s i t y  a s  a  f u n c t io n  o f 
c o n c e n tr a t io n  f o r  PHEG# 6  in  p o ta ss iu m  c h lo r id e  a t  30 °0 .
The u n c e r t a i n t i e s  i n  red u ce d  v i s c o s i t i e s  a t  z e ro  polym er 
c o n c e n t r a t io n  a r e  £ 0 .01  d l/g m .
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F ig u re  53* E f f e c t  o f  s a l t  upon th e  i n t r i n s i c  
v i s c o s i t y  o f  PHEG# 6  a t  JO °C . The d a ta  p o i n t s  a t  
z e ro  c o n c e n t r a t io n  o f  s a l t  r e p r e s e n t  th e  i n t r i n s i c  
v i s c o s i t y  o f PHEG i n  w ate r*  The u n c e r t a i n t i e s  in  i n t r i n s i c  
v i s c o s i t i e s  a r e  t  0 .0 2  d l/gm  (CaC l2 ) ,  t  0 .01  d l/gm  (K C l).
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F ig u re  R educed v i s c o s i t y  a s  a  
f u n c t io n  o f  c o n c e n t r a t io n  f o r  PHEG#9 i *1 
•w ater and sodium  p e r c h lo r a te #
The u n c e r t a i n t i e s  in  re d u ce d  v i s c o s i t i e s  
a t  ze ro  po lym er c o n c e n tr a t io n  a re  £ 0 ,01  
d l/gm  (H20 ) ,  £ 0 .0 2  d l/g m  (NaClO^).
117
0.20
0 . 1 5
a .
ID
C , g m  /  d l
F ig u r e  55* Reduced v i s c o s i t y  a s  a  f u n c t io n  o f  
c o n c e n tr a t io n  f o r  PHPG in  w a te r  and sodium  
p e r c h lo r a te *  The u n c e r t a i n t i e s  i n  reduced  v i s c o s i t i e s  
a t  z e ro  polym er c o n c e n tr a t io n  a r e  0 .02  d l/g m .
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F ig u re  5 6 . E f f e c t  o f  sodium  p e r c h lo r a te  upon th e  i n t r i n s i c  
v i s c o s i t y  o f  PHEG#9 and PHPG a t  30 °C* The d a t a  p o in t s  a t  
z e ro  c o n c e n tr a t io n  o f  s a l t  r e p r e s e n t  th e  i n t r i n s i c  v i s c o s i t y  
o f  PHEG and PHPG in  w a te r .  The u n c e r t a i n t i e s  in  i n t r i n s i c  
v i s c o s i t i e s  a r e  -  0 .0 2  d l/g m .
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F ig u re  57* Reduced v i s c o s i t y  a s  a  f u n c t io n  o f tim e 
f o r  PHEG #=8 in  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  a t  25 °C* 
The u n c e r t a i n t i e s  i n  ze ro  tim e  red u ce d  v i s c o s i t i e s  a r e  
± 0 .0 2  d l/g m .
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I n  s p i t e  o f  th e  c u rv a tu re  th e  e x t r a p o la t io n  i s  th o u g h t to  be 
r e l i a b l e ,  b ecau se  th e  f i r s t  flo w  tim e was m easured n e a r  z e ro  
t im e . The p lo t  o f  z e ro  tim e red u ced  v i s c o s i t i e s  v s .  concen­
t r a t i o n s  o f  th e  polym er i s  shown in  F ig u re  5 8 . The z e ro  tim e 
red u ce d  v i s c o s i t i e s  d e c re a s e  a s  th e  po lym er c o n c e n tr a t io n  
i n c r e a s e s ,  w hich i s  i n  c o n t r a s t  to  th e  b e h a v io r  o f t h i s  polym er 
i n  w a te r  and s a l t  s o lu t i o n s .  The i n t r i n s i c  v i s c o s i t y  o f  t h i s  
polym er i n  c o n c e n tra te d  h y d ro c h lo r ic  a c id  i s  o b ta in e d  by 
e x t r a p o la t i n g  th e  z e ro  tim e  red u ced  v i s c o s i t i e s  to  th e  ze ro  
polym er c o n c e n t r a t io n .  The i n t r i n s i c  v i s c o s i t y  o b ta in e d  i s  
th e n  l a r g e r  th a n  t h a t  in  w a te r .
U sing  th e  same m ethods m entioned  a b o v e , z e ro  tim e  red u ced  
v i s c o s i t i e s  can be o b ta in e d  f o r  p o ly - L -p r o l in e  (mw = c a .  5 0 »000) 
in  h y d ro c h lo r ic  a c id  a t  25 °C a s  shown i n  F ig u re  59 ( a , b , c ) .
The r e s u l t s  a r e  e x t r a p o la te d  to  z e ro  tim e  a s  b efo re*  The 
h ig h e r  th e  c o n c e n tr a t io n  o f  h y d ro c h lo r ic  a c id ,  th e  lo w er th e  
z e ro  tim e  red u ced  v i s c o s i t y .  The ze ro  tim e  red u ced  v i s c o s i t y  
v s .  c o n c e n tr a t io n  o f p o ly -L -p ro l in e  i s  p r e s e n te d  in  F ig u re  60 . 
The z e ro  tim e  i n t r i n s i c  v i s c o s i t i e s  a re  a l s o  o b ta in e d  by 
e x t r a p o la t i n g  to  z e ro  polym er c o n c e n t r a t io n .  The i n t r i n s i c  
v i s c o s i t i e s  o b ta in e d  w ith  p o ly -L -p ro l in e  a r e  low er i n  h ig h e r  
h y d ro c h lo r ic  a c id  c o n c e n t r a t io n s .  T h is  e f f e c t  i s  s i m i l a r  to  
th o s e  seen  i n  ca lc iu m  c h lo r id e  s o lu t io n s  (5 0 )*  The summary 
o f  t h i s  e f f e c t  i s  shown i n  F ig u re  61, w here th e  i n t r i n s i c  
v i s c o s i t y  i s  p re s e n te d  a s  a  fu n c tio n  o f lo g a r i th m  o f  a c i t i v i t y  
o f  h y d ro c h lo r ic  a c id .  The d a ta  p o in t  a t  th e  lo w e s t a c t i v i t y
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F ig u re  5 8 . Zero tim e  red u ced  v i s c o s i t y  a s  a  fu n c tio n  
o f  c o n c e n tr a t io n  f o r  PHEG# 8  a t  25 °C . The u n c e r t a i n t i e s  in  
z e ro  tim e re d u c e d  v i s c o s i t i e s  a t  z e ro  polym er c o n c e n tr a t io n  
a r e  £ 0 .0 2  d l/g m .
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Figure 59 (a,b,c). Reduced viscosity as a function 
of time for poly-L-proline in (a) 8.9 N HC1 , (b) 2,9 N 
HC1 , and (c) 5*9 M HC1 at 25 °C . The u n c e r t a i n t i e s  in 
zero tim e  re d u c e d  v i s c o s i t i e s  a r e  ~ 0 .0 2  dl/gm.
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F ig u re  6 0 , Z ero  tim e  red u ced  v i s c o s i t y  a s  a  fu n c tio n  
o f  c o n c e n t r a t io n  f o r  p o ly -L -p ro l in e  a t  25 °C . The d a ta  
p o in ts  a t  z e ro  c o n c e n t r a t io n  o f  h y d ro c h lo r ic  a c id  r e p r e s e n t  
th e  i n t r i n s i c  v i s c o s i t y  o f  p o ly - L -p r o l in e  i n  w a te r .
The u n c e r t a i n t i e s  i n  z e ro  tim e  red u ce d  v i s c o s i t i e s  a t  
z e ro  polym er c o n c e n tr a t io n  a r e  -  0 ,0 3  d l/g m .
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F ig u re  61• E f f e c t  o f  h y d ro c h lo r ic  a c id  
upon th e  I n t r i n s i c  v i s c o s i t y  o f p o ly -L -p ro l in e  
a t  25 The u n c e r t a i n t i e s  in  i n t r i n s i c  
v i s c o s i t i e s  a r e  ±- 0 ,0 5  d l/g m .
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o f  th e  a c id  r e p r e s e n t s  th e  i n t r i n s i c  v i s c o s i t y  f o r  p o ly -L -  
p r o l in e  i n  w a te r .
L a s e r  Raman S p e c tra  Sam ples u sed  in  L a se r  Raman 
s p e c tro s c o p y  w ere t r e a t e d  w ith  c h a rc o a l  and  f i l t e r e d  th ro u g h  
a  m i l l ip o r e  f i l t e r  in  o rd e r  t o  o b ta in  a  b e t t e r  s i g n a l - t o - n o i s e  
r a t i o ,  h ig h e r  r e s o l u t i o n ,  and  a  l e s s  in t e n s e  b ack g ro u n d .
W ithou t th o s e  t r e a tm e n ts ,  th e  s p e c t r a  o b ta in e d  a r e  o f  l i t t l e  
u s e .  An exam ple o f  Raman s p e c t r a  o f  PHEG i n  w a te r , o b ta in e d  
w ith  t r e a tm e n t  and  w ith o u t t r e a tm e n t ,  i s  g iv en  in  F ig u re  6 2 , 
in  w hich  th e  u p p e r  spectrum  i s  th e  one w ith o u t t r e a tm e n t  
w hich shows low r e s o l u t i o n ,  low  s ig n a l - to - n o i s e  r a t i o ,  and 
in te n s e  b ack g ro u n d . A ssignm ent o f  Raman l i n e s  a re  b a se d  on 
com parison  o f im proved s p e c t r a  w ith  th o s e  o f  c o r re sp o n d in g  
amino a c id s  o r  p o ly p e p t id e s .  The Raman l i n e s  o f i n t e r e s t  a re  
th o s e  o f  amide I  and I I I  f r e q u e n c ie s  in  th e  1650 and 1250 cm"1 
r e g io n s ,  w hich a r e  due r e s p e c t i v e l y  to  C=0 s t r e t c h i n g  and to  
a  m ix tu re  o f  C-N s t r e t c h i n g  w ith  N-H in  p la n e  b en d in g  i n  th e  
p o ly p e p tid e  b ack b o n e .
I n  F ig u re  63 i s  p r e s e n te d  th e  Raman s p e c t r a  o f  Ac-Ala-OMe
in  w a te r  and s a tu r a t e d  ca lc iu m  c h lo r id e  s o lu t io n .  The
u n c e r t a in ty  o f th e  Raman l i n e s  i s  * 5 cm**1-. M ost Raman r e g io n s
below  800 cm“ 1 a r e  n o t w e ll  d e f in e d  b e c a u se  o f  l a r g e  b ack g ro u n d .
The Raman l i n e s  a r e  t e n t a t i v e l y  a s s ig n e d  by com parison  w ith
th o s e  o f  th e  s im i l a r  compound, Ac-Ala-HMe (1 3 7 * 1 3 8 ), i n  w a te r
— 1a s  shown in  T a b le  6 . The Raman l i n e  a t  1730 cm i s  a s s ig n e d  
a s  th e  s t r e t c h i n g  o f  th e  e s t e r  C=0 g ro u p , w hich c o r re s p o n d s  to
F ig u re  62 , Raman s p e c t r a  o f  PHEG w ith  o r  w ith o u t 
t r e a tm e n t  o f  a c t iv a te d  c h a rc o a l  and  f i l t r a t i o n  th ro u g h  
a  m i l l ip o r e  f i l t e r .
1 7 6 0 1 4 4 0  1 1 2 0
A u *  C M - 1
8 0 0
F ig u re  63* Raman s p e c t r a  o f  Ac-Ala-OMe (6 0  mg/ml) 
i n  w a te r  and 6 M CaCl2 .
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T a b le  6« L a se r  Raman f re q u e n c ie s  o f  Ac-Ala-OMe
________ F req u en cy , cm
H_0 6M CaCl D.O 6M C aC l, T e n ta t lv e  A esignm ent
2 2 2 (DgO)
1730 m 1730 m 1730 s 1720 s CxO s t r e t c h i n g  o f  e s t e r 13
1645 v s 1648 v s 1632 s 1638 s am ide I
1576 wsh 1576 wsh
1485 sh 1485 sh
amide I I
CH2 d e fo rm a tio n
1458 v s 1455 v s 1458 v s 1455 v sOCO s 1375 s 1374 w 1370 m C u -H d e fo rm a tio n  
+ am ide I I I
1324 s 1322 s
1294 w 1305 m
C ^ -H  d e fo rm a tio n  
+ am ide I I I
C-H b en d in g
1284 m 1284 s am ide I I I
1190 m 1190 w
1195 VS 1200 v s ¥ >
1160 m 1154 m 1160 wsh 1150 wsh d e fo rm a tio n
1107 s 1105 s C ^ - N  s t r e t c h i n g
1058 w 1060 w 1072 m 1070 ra C04-CH, d e fo rm a tio n 0
1012 vw 1020 w 1034 w 1032 w
✓
980 sh 980 sh 975 sh1 972 sh
954 s 955 s
944 vs 945 v s
C-C s t r e t c h i n g
C-C s t r e t c h i n g  
+ am ide I I I 1
919 ra 920 w 900 w 905 w C-C s t r e t c h i n g
856 s 857 v s 854 v s 855 v s C-C s t r e t c h i n g
N o te : a :  T e n ta t iv e  a s s ig n m e n ts  a r e  based o n  R e fe re n c e  137 
u n le s s  o th e rw is e  s p e c i f i e d .
b ; J .  L . K oenig  and P . L . S u t to n ,  B io p o ly m ers , £
1229 (1970) 
c : R e fe re n c e  138
w: w eak, m: medium, s :  s t r o n g ,  sh : s h o u ld e r ,  v : v e ry
135
th e  i n f r a r e d  hand a t  172** cm- 1 . The hand a t  16**5 cm-1 in  w a te r  
i s  p resum ab ly  th e  c a rb o n y l s t r e c h in g  hand (am ide I ) .  In  
aqueous s o lu t io n  t h i s  hand i s  o v e r la p p e d  by th e  b ro a d  w a te r  
hand a t  16**0 cm . The weak and d i f f u s e  Raman s c a t t e r i n g  i n  
th e  amide I I  r e g io n  (1576 cm"1) do es n o t  a llo w  a  w e ll  d e f in e d  
p eak  p o s i t i o n .  The n a tu r e  o f  th e  am ide I I  mode (N-H bend ing ) 
s u g g e s ts  weak Raman s c a t t e r i n g ,  a s  o b se rv e d . Raman l i n e  a t  
1**58 cm"1 a r i s e s  from  th e  d e fo rm a tio n  o f  m ethy lene g ro u p s .
Raman l i n e s  a t  1380 and 132** cm"1 p ro b a b ly  r e p r e s e n t  th e  
am ide I I I  mode o v e r la p p in g  th e  C ^ -H  d e fo rm a tio n  b an d . The 
128** cm” 1 i s  p resum ab ly  th e  am ide I I I  mode. Modes a s s o c ia te d  
w ith  th e  C ^-C H ^ group a r e  found a t  ab o u t 1160 and 1058 cm"1 
( 138) .  The s t r e c h in g  mode may be seen  a t  1107 cm- 1 .
_ 1
A' m ethy l ro c k in g  mode i s  p resum ab ly  a t  ab o u t 95** cm . The 
r e s t  o f th e  Raman l i n e s  a r e  n o t  d e f in e d .  A lthough th e r e  a r e  
a  few cm” 1 s h i f t  in  th e  Raman s p e c t r a  o b se rv ed  w ith  Ac-Ala-OMe 
i n  s a tu r a te d  ca lc iu m  c h lo r id e  s o lu t io n ,  th e  Raman b an d s a r e  
e s s e n t i a l l y  th e  same a s  th o s e  seen  i n  w a te r .  The t e n t a t i v e  
a ss ig n m e n t o f  th o s e  Raman l i n e s  in  ca lc iu m  c h lo r id e  i s  a l s o  
se e n  in  T ab le  6 .
F ig u re  6** shows th e  Raman s p e c t r a  o f  Ac-Ala-OMe in  D^O 
and s a tu r a te d  ca lc iu m  c h lo r id e  D^O s o l u t i o n .  In  D^O s o lu t io n  
th e  b ro ad  w a te r  band a t  l6**0 cm"1 i s  e l im in a te d .  The amide I
band i s  se e n  a t  1632 cm"1 . The e s t e r  C=0 s t r e c h in g  band a t
1 * * !1730 cm re m a in s  unchanged . The band a t  11*58 cm i s  p e rh a p s
a  d o u b le t w ith  a  sh o u ld e r  a t  1**o5 cm"1 in  D^O s o l u t i o n .  The
F ig u re  Raman s p e c t r a  o f  Ac-Ala-OMe (6 0  mg/ml)
i n  D20 and 6 M CaCl2 (D20 ) .
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band a t  1371+ cm"1 a s s o c ia te d  w ith  am ide I I I  mode o v e r la p p in g
£* —1w ith  C -H d e fo rm a tio n  i s  c o rre sp o n d in g  to  th e  band a t  1370 cm
seen  i n  w a te r .  The band a t  1321+ c®” 1 seen  i n  w a te r  becom es
o b sc u re  i n  w h ile  th e  am ide I I I  band a t  128i+ cm"1 found
in  w a te r  a r e  n o t  seen  in  p ro b a b ly  due  to  th e  b ro ad  in te n s e
D^O band a t  1200 cm- 1 , and s h i f t i n g  to  975 cm"1 upon d e u te r -
a t io n *  The 1160 cm"1 band i n  w a te r  becom es a  weak s h o u ld e r
i n  The 1058 cm"1 band i n  w a te r  m igh t s h i f t  to  1072 cm"1
i n  D -0 , The r e s t  o f  Raman l i n e s  a r e  n o t  a s s ig n e d .  Calcium€L
c h lo r id e  h a s  shown to  e x e r t  l i t t l e  e f f e c t  upon th e  Raman 
s p e c t r a  e x c e p t f o r  a  Raman s h i f t  o f  a  few  cm"1, w hich i s  w ith in  
th e  u n c e r t a in ty  l i m i t .
The Raman s p e c t r a  o b se rv ed  w ith  PHEG i n  th e  same fo u r  
s o lv e n t  sy s tem s f o r  Ac-Ala-OMe a r e  shown in  F ig u re s  65 and 66 , 
The t e n t a t i v e  a ss ig n m e n t o f  Raman f r e q u e n c ie s  i s  l i s t e d  in  
T a b le  7 .  The s p e c t r a  f o r  PHEG have much more n o is e  and have 
a  l a r g e r  background  th a n  th o s e  seen  in  Ac-Ala-OMe. T h e re fo re  
th e  d e te rm in a t io n  o f  th e  Raman l i n e s  i s  more d i f f i c u l t .  The 
r e l a t i v e  i n t e n s i t i e s  can  n o t  be com pared . A lthough  th e  
r e s o l u t i o n  o f  th e  s p e c t r a  i s  n o t  good enough to  make q u a n t i ­
t a t i v e  m easurem en ts, q u a l i t a t i v e  work can  be d o n e . In  
aq u eo u s s o lu t io n  th e  am ide I  band s i t t i n g  on to p  o f th e  b ro ad  
w a te r  band h a s  fre q u en c y  o f 1652 cm . The d i f f u s e  s h o u ld e r  
am ide I I  mode i s  seen  a t  1575 cm"1. The m eth y len e  g roup  
d e fo rm a tio n  mode i s  p resum ab ly  s p l i t  i n t o  11+1+5 cm"1 band and 
a  sh o u ld e r  a t  11+65 cm"1.  The band a t  1385 cm"1 , w hich
139
F ig u re  65* Haman s p e c t r a  o f  PHEG (60  mg/ml)' i n  w a te r  
and 6 M CaCl2 .
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F ig u re  66* Raman s p e c t r a  o f  PHEG (6 0  mg/ml) in  D^O 
and 6 M CaClg (D^O),
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T a b le  7* L a s e r  Raman f re q u e n c ie s  o f  PHEG 
F req u en cy . cm~^
T e n ta t iv e  A ssignm ent3Ho0 6M C aC l, Dd0 6M CaCl0 
2 2 (D20 ) 2
1652 v s 1652 vs 1666 s 1668 s am ide I
1636 s 1642 s
1575 sh 1575 sh am ide I I
1478 v s 1488 v s
1465 sh 1460 sh 1458 ssh 1460 ssh CH^ d e fo rm a tio n
i w v s 1 W vs 1434 v s 1438 v s
1385 m 1388 m 1385 vw 1385 vw am ide I I I
1335 m 1332 m 1320 vw 1320 vw C-H b en d in g
1303 wsh 1301 wsh am ide I I I ( ? )
1296 s 1296 s CH2 i n t .  r o t .
1280 s 1280 s CH2 i n t .  r o t .
1235 wsh 1242 sh
1202 v s 1204 v s d20
1110 wsh 1110 wsh
1070 m 1070 m C ** -C ^  s t r e t c h in g
1035 m 1046 m -
960 m 970 m
978 s 980 s am ide I I I 1
N o te : a :  T e n ta t iv e  a s s ig n m e n ts  a r e  b ased  on R e fe re n ce  139 
u n le s s  o th e rw ise  s p e c i f i e d .
w: weak; m: medium; s :  s t r o n g ;  sh : s h o u ld e r ;  v : v e ry
c o r re s p o n d s  to  1396 cm "1 fo r  P(H BG :G ly), i s  a s s ig n e d  as 
an  am ide I I I  mode ,(139)*  The f re q u e n c y  a t  1335 cm“ 1 i s  
th o u g h t t o  be a  C-H b e n d in g  mode. The sh o u ld e r  a t  1303 cm"1 
i s  p resu m ab ly  an am ide I I I  mode, w hich  i s  s im i la r  t o  th e  band 
a t  1300 cm"1 f o r  th e  p a r t i a l l y  h e l i c a l  form o f  P(HBG:Gly), 
and  w hich v a n is h e s  when th e  polym er i s  in  a  c o m p le te ly  random - 
c o i le d  c o n fo rm a tio n . S in c e  PHEG i n  w a te r  i s  found  to  be a  
t r u e  random  c o i l  ( 7 2 ) ,  t h i s  a ss ig n m e n t may be q u e s t io n a b le .
The band  a t  1280 cm"1 ,  i s  C-H2 in t r a - b o n d  r o t a t i o n  mode.
The weak sh o u ld e r  a t  1235 cm"1 i s  u n d e f in e d . The band a t  
1070 cm"1 i s  C ^-C *3 s t r e c h in g  m ode. The r e s t  o f  th e  bands 
a r e  n o t  a s s ig n e d .
The spectrum  o b se rv e d  w ith  PHEG i n  ca lc ium  c h lo r id e  
s o l u t io n  i s  q u a l i t a t i v e l y  s im i la r  t o  t h a t  in  aq u e o u s  s o lu t io n ,  
a s  shown i n  F ig u re  65* The number o f  Raman l i n e s  i s  th e  
same in  th e  a c c e s s ib le  r e g io n .  On t h e  o th e r  h a n d , a  few cm*"1 
s h i f t  o f  some modes h a s  been o b s e rv e d .
The am ide I  l i n e  c a n  be e a s i l y  seen  when t h e  polym er
i s  d is s o lv e d  in  D^O ( F ig u r e  6 6 ) , The 1652 cm"1 i s  s p l i t
i n t o  1666 cm"1 and 1636 cm"1 when th e  polym er g o e s  from
w a te r  t o  I^O . The CH^ d e fo rm a tio n  mode n e a r  1440 cm"1 i s
seen  i n  t r i p l e t  1473, 1458, and 1434 cm"1.  The am ide I I I  
1
mode 1385 cm seen  i n  aqueous s o lu t io n  becomes o b scu re  in  
DgO s o l u t i o n .  T h is  Raman l i n e  m ig h t s h i f t  to  978 cm"1 
(am id e  I I I 1) upon d e u t e r a t i o n .  The weak s h o u ld e r  a t  1320 cm "1 
i n  DgO c o rre sp o n d s  t o  t h e  1335 cm"1 band in  a q u e o u s  s o lu t io n ,
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assum ing  a  C-H b en d in g  mode. The s t r o n g  band a t  1296 cm"1 
m igh t c o rre sp o n d  to  th e  1304 cm"1 band in  aqueous s o lu t io n ,  
w hich i s  p r e v io u s ly  a s s ig n e d  a s  an am ide I I I  band ( 1 3 9 ) .  
However, i t  seem s u n re a s o n a b le  to  i d e n t i f y  t h i s  band w ith  
am ide I I I ,  b ecau se  th e  o b se rv e d  f re q u e n c y  i s  n o t  a f f e c t e d  by 
N -d e u te r a t io n .  T h is  band m igh t be th e  C-H2 in t r a - b o n d  r o t a t i o n  
mode w hich  o c c u rs  a t  1280 cm"1 in  aqu eo u s s o l u t i o n .  The s t r o n g  
b road  D^O band i s  e x p e c te d  to  be  a t  1202 cm"1 .  The band a t  
1104 era"1 i s  n o t  d e f in e d .
I n  th e  p re s e n c e  o f c a lc iu m  c h l o r i d e ,  th e  s p e c t r a  o f 
PHEG D20 s o lu t io n  show l i t t l e  change com pared w ith  t h a t  in  
DgO a lo n e ,  w hich i s  s im i l a r  to  th e  f e a t u r e s  shown in  w a te r  and 
aqueous ca lc iu m  c h lo r id e  s o l u t i o n .
The Raman s p e c t r a  o f  p o ly -L -h y d ro x y p ro lin e  u s in g  th e  same 
s o lv e n t  sy s tem s u sed  f o r  Ac-Ala-OMe and PHEG a r e  shown in  
F ig u re s  67 and 6 8 . The s p e c t r a  o b ta in e d  c o n ta in  a  l o t  o f  
n o is e  and  l a r g e  b ack g ro u n d , so  t h a t  o n ly  q u a l i t a t i v e  work 
can be  d o n e . I n  aqueous s o lu t io n  th e  am ide I  mode b lo c k e d  
by w a te r  peak  i s  seen  a t  1642 cm"1. The m e th y len e  b en d in g  
mode a t  1456 cm"1 i s  p ro b a b ly  a  d o u b le t  w ith  a  s h o u ld e r  a t  
1442 cm "!. The d o u b le t  a t  1342 and 1320 cm-1 i n  s o lu t io n  i s  
p ro b a b ly  c o r re s p o n d in g  to  t h a t  a t  1357 and 1315 cm"1 in  s o l i d  
s t a t e ,  w hich  i s  p resu m ab ly  a s s ig n e d  a s  am ide I I I  and C-H 
d e fo rm a tio n s  o f  th e  c h a in  ( 140) .  The r i n g  modes a t  1224 and 
1014 cm "1 i n  th e  s o l i d  (14 0 ) a r e  o b se rv ed  a t  1228 and 1030 cm"1 
i n  s o l u t i o n .  The band a t  1270 cm"1 m igh t be a  CH^ mode to o .
F ig u re  6 7 . Raman s p e c t r a  o f  p o ly -L -h y d ro x y p ro lin e  
( '8 0  mg/ml) i n  w a te r  and 6 M C aClg.
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F ig u re  68* Raman s p e c t r a  o f  p o ly -L -h y d ro x y p ro lin e  
(80  m g/m l) i n  D^O and 6 M CaCl2 ( D20 ^*
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T ab le  8 .  L a s e r  Raman f r e q u e n c ie s  o f  p o ly -L -h y d ro x y p ro lin e
F re q u en cy , cm"-1 T e n ta t iv e  A ssignm en ta
H2 ° 6M CaCl2 D2° 6M CaCl„ (Da0 ) 2
1642 v s 162*2 v s 1636 v s 1638 vs am ide I
1456 v s 1463 v s 1464 v s 1464 v s CIU d e fo rm a tio n
1 W sh 1443' sh 1442 sh 142*4 sh c.
1342 m 1335 m 1346 vw 1348 vw am ide I I I  + CH
1320 w 1315 m 1325 w 1322 w d e fo rm a tio n
1270 m 1270 w 1258 w 1261 w CH2 b en d in g
1228 m 1230 s 1235 m 1234 w r i n g  mode
1202* m 1204 m
1200 s 1199 s d2o
1162* m 1165 m 1164 m 1170 m
1115 m 1115 m
'1081 w 1081 w
1062* w 1062 w
1030 w 1025 w
971 m 972 m
990 m 998 m amide I I I *
913 v s 915 s 916 s 911 s
876 m 880 w
818 v s 819 v s 820 v s 812 vs
H o te : a : T e n ta t iv e  a s s ig n m e n ts  a r e  b a se d  on R e fe re n c e  140 
u n le s s  o th e rw is e  s p e c i f i e d ,
w: weak; m: medium; s :  s t r o n g ;  sh : s h o u ld e r ;  v : v e ry
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Many o th e r  l i n e s  a r e  n o t  a s s ig n e d .
In  s a tu r a te d  ca lc iu m  c h lo r id e  s o lu t io n  th e  Raman sp ec tru m  
o f  p o ly -L -h y d ro x y p ro lin e  i s  e s s e n t i a l l y  th e  same a s  t h a t  i n  
aqueous s o lu t io n ,  a s  shown i n  F ig u re  6 7 , The a s s ig n m e n t o f
th e s e  Raman l i n e s  i s  l i s t e d  i n  T ab le  8 ,
In  DgO s o lu t io n  th e  "band a t  16kZ cm“  ^ se en  in  w a te r  i s  
o b se rv ed  a t  1636 cm*"1.  The m e th y len e  d e fo rm a tio n  mode i s  
th o u g h t to  be  a  d o u b le t a t  1l*6it- w ith  a  s h o u ld e r  a t
cm” ^ , The am ide I I I  o v e r la p p in g  C-H d e fo rm a tio n  mode a t
13^2 and 1320 cm“  ^ seen  in  aq u eo u s s o lu t io n  i s  now lo c a te d  
a t  13^6 and 1325 cm“ ^ , The a s s ig n m e n t o f  th e  r e s t  o f  Raman 
l i n e s  i s  l i s t e d  i n  T ab le  8 ,  I n  th e  p re s e n c e  o f  ca lc iu m  
c h lo r id e  th e  sp ec tru m  in  D^O s o lu t io n  shows no s i g n i f i c a n t  
c h a n g e s . The fre q u en cy  a s s ig n m e n t i s  se e n  in  T ab le  8 ,
pK f o r  th e  D is s o c ia t io n  o f  Hydrogen C h lo r id e  o r  S a l t  
from  P e p tid e  Bonds B ased on th e  a ssu m p tio n  t h a t  s a l t  may 
b in d  to  th e  p e p t id e  bond le a d in g  to  c o n fo rm a tio n a l ch an g es 
i n  p o ly p e p t id e s ,  r e f l e c t e d  by  ch an g es o f  o p t i c a l  a c t i v i t i e s ,  
pK v a lu e s  h av e  been  e s t im a te d  by ta k in g  a d v a n ta g e s  o f th e  
L in d e rs tro m -L an g  e q u a t io n , i n  w hich th e  l a s t  te rra  was n e g le c te d  
b e c a u se  o f  h ig h  io n ic  s t r e n g t h .  R e s u l t s  a r e  o b ta in e d  by 
m aking u se  o f  th e  w eig h ted  l e a s t  sq u a re  m ethod .
The co m p u ta tio n  o f  pK v a lu e s  was f i r s t  fo c u se d  on a  
s i n g l e  w a v e le n g th . The p o s i t i v e  band a t  228 nm o f  p o ly -L -  
p r o l in e  was chosen  f o r  t h i s  p u rp o s e , pK o b ta in e d  f o r  p o ly -L -  
p r o l in e  i s  a p p ro x im a te ly  - 2 ,2  f o r  hydrogen  c h l o r id e ,  and
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- 2 .0  f o r  ca lc iu m  c h lo r id e #  A p l o t  o f  mean r e s id u e  e l l i p t i c i t y  
v s .  pH i s  p r e s e n te d  in  F ig u re s  69 and 7 0 . F ig u re  69 shows 
t h a t  th e  e x p e r im e n ta l  d a ta  and c a lc u l a t e d  cu rv e  o f p o ly -L -  
p r o l in e  a t  228 nm in  hydrogen  c h lo r id e  o v e r th e  pH ra n g e s  
( -0 * 2  to  - 1 .9 )  f i t  p r e t t y  w e l l .  The c a lc u l a t e d  mean r e s id u e  
e l l i p t i c i t y  a t  a c t i v i t i e s  a t  w hich no d i s s o c i a t i o n  o c c u rs  i s  
a b o u t -7 ,0 0 0  deg*cm2/d ra o l. The c u rv e  f i t  f o r  p o ly - L -p r o l in e  
i n  ca lc iu m  c h lo r id e  i s  g iv e n  in  F ig u re  7 0 . The r e s u l t  i s  
r e a s o n a b ly  good . The c a lc u la te d  mean r e s id u e  e l l i p t i c i t y  a t  
a c t i v i t i e s  w here no d i s s o c i a t i o n  o c c u rs  i s  c lo s e  to  - 6 ,6 0 0
p
deg«cm /d m o l. B oth  f i g u r e s  g iv e  a n o th e r  s c a le  w ith  m inus 
lo g a r i th m  o f c o n c e n t r a t io n s  o f  c a lc iu m  c h lo r id e  o r  hydrogen  
c h lo r id e  f o r  co m p ariso n , show ing th e  d i f f e r e n c e  betw een  
a c t i v i t y  and c o n c e n t r a t io n .  A co m p le te  t i t r a t i o n  c u rv e  f o r  
p o ly -L -p ro l in e  i n  hydrogen  c h lo r id e  and  ca lc iu m  c h lo r id e  i s  
g iv en  i n  F ig u re  7 1 .
A ttem pt to  a p p ly  t h i s  method t o  o th e r  po ly m ers o r  o l ig o ­
m ers i s  n o t  s a t i s f a c t o r y .  As shown in  F ig u re  7 2 , th e  cu rv e  
f i t  f o r  Ac-Ala-UMe in  h yd rogen  c h lo r id e  i s  n o t  v e ry  good .
I t  i s  even w orse f o r  PHEG, b e c au se  th e  CD ch an g es a r e  q u i te  
i r r e g u l a r  in  r e s p o n s e  to  ch an g es i n  c o n c e n t r a t io n s  o f  hydrogen 
c h lo r id e  and low  c o n c e n t r a t io n s  o f c a lc iu m  c h l o r id e .
Curve f i t t i n g  f o r  d a ta  o f  m u l t ip le  w av e len g th s  a p p e a rs  
t o  be n o t  s a t i s f a c t o r y  to o .  An exam ple o f  CD s p e c t r a  o f  
p o ly - L -p r o l in e  i n  hydrogen  c h lo r id e  i s  shown in  F ig u re s  73 
and A p p a re n tly  th e r e  a r e  a  g r e a t  d e a l  o f  d i f f e r e n c e
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F ig u re  69# Mean r e s id u e  e l l i p t i c i t y  a t  228 xm a s  
a  f u n c t io n  o f - l o g  f o r  p o ly -L -P ro l in e  a t  25 °C.
A s c a le  w ith  - l o g  LHClD i s  f o r  com parison  W ith a c t i v i t y .
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F ig u re  7 0 . Mean r e s id u e  e l l i p t i c i t y  a t  228 nm a s  
a  f u n c t io n  o f  - l o g  aCaC1 f o r  p o ly - L - p r o l in e  a t  30 °C . 
The u sed  i s  a t  25 °C . A s c a le  w ith  - l o g  tC a C lg }
i s  f o r  co m p ariso n  w ith  a c t i v i t y .
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Figure 71# A complete titration curve for poly-L-proline 
in calcium chloride and hydrogen chloride.
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Figure 72, Kean residue ellipticity at 228 nm as a  
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Figure 73* Comparison of experimental and calculated CD 
spectra for poly-L-proline in hydrogen chloride. The spectra 
are represented by —  (exp.), ••© (calc.) for pH -1.35;
(exp.), ooo (calc.) for pH -1.88; — - (exp.), ©e© (calc.) 
for-pH 2.00.
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F ig u re  74* C om parison o f  e x p e r im e n ta l and c a lc u la te d  CD 
s p e c t r a  f o r  p o ly -L -p ro lin e  i n  hydrogen  c h lo r id e *  The s p e c t r a
a r e  r e p r e s e n te d  hy  ----- ( e x p . ) ,  ( c a lc * )  f o r  pH - 0 .9 4 ;
• • •  ( e x p . ) ,  ooo ( c a l c . )  f o r  pH - 1 .3 6 ;  — -  ( e x p . ) ,  coo ( c a l c . )  
f o r  pH -1 * 7 2 .
1 6 2
betw een  th e  e x p e r im e n ta l and c a lc u l a te d  cu rves*
C o n fo rm a tio n a l E n e rg ie s  The atom s c o n s id e re d  in  th e  
co m p u ta tio n  o f  c o n fo rm a tio n a l e n e rg ie s  a r e  th o s e  shown in  
F ig u re  3» The io n s  in v o lv e d  a r e  Ca+^ ,  L i+ \  and C l O ^ . The 
p e p t id e  u n i t s  a r e  u s u a l ly  i n  th e  t r a n s - p l a n a r  c o n f ig u ra t io n *
In  some c a s e s ,  how ever, th e  c i s - p e p t id e  c o n f ig u r a t io n  betw een 
C^2 and i s  c o n s id e re d .  The c o m p u ta tio n s  w ere c a r r i e d  o u t 
o v er a l l  p o s s ib le  2 and a s  w e ll a s  and a t  10° 
i n t e r v a l s .  The lo c a t i o n s  o f  p o in t  c h a rg e s  were v a r ie d  in  te rm s 
o f  th e  th r e e  v a r i a b l e ,  b e in g  th e  d i s t a n c e  betw een p o in t  c h a rg e s  
and 0 2 , th e  "bond a n g le " ,  C21- 02-M, and th e  d ih e d r a l  a n g le , 
Cpp-Cp^-Op-M (F ig u re  k ) • The co m p u ta tio n  sh o u ld  i n  p r in c ip l e  
in c lu d e  a l l  p o s s ib le  g e o m e tr ic a l  v a r i a b l e s ,  i . e . ,  th e  
th e  1 s ,  th e  ?(f s ,  and th e  l o ' s  a s  w e ll  a s  th e  t h r e e  v a r ia b le s  
f o r  d e f in in g  th e  l o c a t i o n s  o f  p o in t  c h a rg e s ,  and more energy  
f u n c t io n s  th a n  a  s im p le  e l e c t r o s t a t i c  i n t e r a c t i o n .  A c tu a l ly  
i t  i s  n o t  p o s s ib le  to  c a r r y  o u t t h i s  k in d  o f  c o m p u ta tio n  due 
to  th e  l i m i t a t i o n s  im posed by com puter t im e . H ow ever, th e  
g e o m e tr ic a l  v a r i a b l e s  a s  w e ll  a s  th e  en e rg y  fu n c t io n  ta k e n  
i n t o  ac co u n t i n  t h i s  co m p u ta tio n  sh o u ld  en a b le  u s  to  e s t im a te  
w h e th e r th e  e l e c t r o s t a t i c  i n t e r a c t i o n  betw een  an io n  and th e  
p e p t id e  u n i t s  sh o u ld  a l t e r  th e  en e rg y  s u r f a c e  on a  conform a­
t i o n a l  map.
R e s u l ts  f o r  th e  t r a n s  t r i p e p t i d e  o f  p o ly -L -a la n in e  show 
t h a t  i n  th e  p re se n c e  o f io n s  ( t r e a t e d  a s  p o in t  c h a rg e s )  th e  
lo w e s t en e rg y  r e g io n s  happen to  be in  th e  r e g io n s  o f  a c c e -
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s s i b l e  s t r u c t u r e s ,  i . e . ,  o c - h e l i x ,  and <3- s h e e t  s t r u c t u r e .
The a c c e s s ib le  s t r u c t u r e  r e g io n s  o f  th e  L - a la n y l  r e s id u e  a re  
b a sed  on th e  c o n fo rm a tio n a l map o f  B ra n t e t  a l  (69)*  w hich 
a r e  le f t - h a n d e d  oc- h e l i x  r e g io n ,  <j> = 90 -  12f0o , ^ = 90 -  150°;
r ig h t-h a n d e d  « - h e l i x  r e g io n ,  = 210 -  260° ,  \p = 210 -  260° ;
- s h e e t  r e g io n ,  = 90 -  1^0° ,  ^  = 300 -  3 5 0 ° , T h e re fo re ,
co m p u ta tio n s  w ere l a r g e l y  fo cu sed  on th e s e  low  energy  r e g io n s ,
A co m b in a tio n  o f th e s e  low  en erg y  r e g io n s  f o r  G ^  ^32 are  
s e l e c t e d  fo r  com parison  o f th e  minimum c o n fo rm a tio n a l e n e rg ie s  
o f  th e  t r i p e p t i d e  u n i t  i n  th e  p re s e n c e  and ab sen ce  o f  s a l t s  
( p o in t  c h a r g e s ) .  R e s u l t s  a r e  p r e s e n te d  i n  T a b le s  9 -1 2 .
A s u b s t a n t i a l  lo w er energy  i s  o b se rv ed  i n  th e  p re s e n c e  o f 
s a l t s  th a n  in  th e  a b se n c e  o f  s a l t s  i n  ev e ry  low  en erg y  r e g io n  
c o m b in a tio n . T ab le  9 shows t h a t  i n  th e  p re s e n c e  o f Ca a t  
2 ,3 5  S away from  0^ t h e  minimum e n e r g ie s  a r e  red u ce d  more th an  
12 K ca l/m o le  below  th e  en e rg y  l e v e l  o f  th e  t r i p e p t i d e  f o r  every  
p o s s ib le  co m b in a tio n  o f  low  en e rg y  r e g io n s .  The en e rg y  changes 
( a )  a r e  n o t th e  same f o r  a l l  c o n fo rm a tio n s . The l a r g e s t  
ch a n g es  happen to  be  m o s tly  in  th e  o ( - h e l i c a l  r e g io n s .  The 
a n g le s  a re  m o stly  found  to  be 135° f o r  G^-O^-Vl and 180°  a s  
w e ll  a s  90° o r  -9 0 °  f o r  ^22"^21“° 2 ”^* K eep ing  s a l t s  f u r t h e r  
away from  th e  r e d u c t io n  o f minimum e n e r g ie s  w i l l  n o t  be 
a s  much a s  th o s e  seen  a t  d is ta n c e  o f  2 .3 5 0  S . However, th e  
a n g le s ,  G ^ -O g-ll and C^ -Cp^-Op-M, rem ain  e s s e n t i a l l y  th e  same.
4. 1
T hese f e a t u r e s  a r e  a l s o  observed  i n  th e  can e  o f  L i  .  The 
+ 1e f f e c t s  o f L i  upon th e  c o n fo rm a tio n a l e n e r g ie s  a r e  s im i la r
Table 9* The minimum conformational energies of tripeptide units of
poly-L-alanine in the presence and absence of Ca+^ 2.350 ^
away from 0^. D - 5
C22 C32 Emin
(K ca l/m o le )
Emln ( s a l t )
(K c a l/m o le )
A
(K ca l/m o le )
c21-o 2-m
(d e g re e s )
C22-C21- ° 2-M
(d e g re e s )
A -1 .1 3 -1 8 .2 5 -1 7 .3 9 135
oCOr«
04 L * L -1 .8 5 -1 9 .0 9 -17.2i* 135 180
^ R * L 0 .2 3 - 16.78 - 17.01 135 180
<*L <*R - 0.71 -1 7 .2 3 - 16.52 135 180
C*R * R - 0 .2 6 -1 6 .5 9 -1 6 .3 3 135 180
a d It - 1 .1 3 - 16.02 —IZf .89 135 -9 0
0 d L -1 .0 5 - 1/f./f0 -1 3 .3 5 135 -9 0
°^R 0 -O .liF - 12 .70 - 12 .56 135 90
/3 /3 - 1.11 -1 3 .3 8 - 12.27 135 90
N o te : l e f t - h a n d e d  c * -h e l ix ;  o<^: r ig h t-h a n d e d  c tf -h e lix ; p  : ^ - s t r u c t u r e
A  = ( s a l t )  -  Emxn min
c\-p*
Table 10# The minimum conformational energies of tripeptide units of
poly-L-alanine in the presence and absence of Li+  ^ 2.7 &
away from 0^, D = 5
C22 C32 Emin
(K ca l/m o le )
E . ( s a l t )  min
(K ca l/m o le)
A
(K ca l/m o le )
c21- ° 2 . h
(d e g re e s )
C22-C21" ° 2 “M
(d e g re e s )
* L /3 -1 .1 3 -1 2 .2 7 -1 1 .1 4 90 90
01L * R -0 .7 1 -1 0 .1 7 -9 .4 6 135 180
<*L <*L -1 .8 5 -1 1 .0 7 - 9 .2 2 135 180
<*R 0 1 L 0 .2 3 - 8 .9 8 -9 .2 1 135 180
d R C*. R - 0 .2 6 - 9 .3 k -9 .0 8 135 180
0 CXR -1 .1 3 - 10.01 - 8 .8 8 135 180
0 -1 .0 5 -9 .6 5 - 8 .6 0 90 90
t f R £ - 0 .1 4 - 6 .8 4 - 6 .7 0 90 90
0 0 - 1.11 -7 .1 9 - 6 .0 8 90 90
N ote: 01 L* 
A  =
le f t - h a n d e d  d  
Emln ( s a l t )  -
- h e l i x ;  o /R: r ig h t-h a n d e d  (X 
Emin
- h e l i x ;  0  : /Q - s t r u c t u r e
Table 11* The minimum conformational energies of tripeptide units of
poly-L-alanine in the presence and absence of C10JJ1 6.0 X
away from 02* D = 5
C22 C32 Emin
(K ca l/m o le)
Emin ( s a l t )  
(K c a l/m o le )
A
(K ca l/m o le )
c 2 , - o 2-m
(d e g re e s )
C22- C21- ° 2 - M
(d e g re e s )
°*R 0 .2 3 - 7 .0 0 -7 .2 3 0 0
* R <*R - 0 .2 6 -7 .2 3 - 6 .9 4 0 0
<*L -1 .8 5 - 8 .5 6 -6 .7 1 0 0
* L * R —0,71 -7 .1 4 -6 .4 3 0 0
°^R yQ - 0 .1 4 - 5 .7 0 -5 .5 6 0 0
°<L /<3 -1 .1 3 -6 .1 9 - 5 .0 6 0 0
iG °<L - 1 .0 5 -4*32 -3*27 0 0
& - 1 .1 3 - 3 .8 6 - 2 .7 3 0 0
- 1.11 -3 .8 1 - 2 .7 9 90 180
N ote: o t^ : le f t - h a n d e d  o t - h e l ix ;  o/R: r ig h t-h a n d e d  o ( - h e l ix ;  £  : 0 - s t r u c t u r e  
^  = Emin <s a l t ) “  Emin
ON
ON
T ab le  12* The minimum c o n fo rm a tio n a l e n e rg ie s  o f  t r i p e p t i d e  u n i t s ,  w ith
+ 2 OC22* C32 c i s  c o n fiS u r a t io n ,  i n  p re se n c e  and ab sen ce  o f  Ca 2*350 A 
away from  02 * D « 5
C22 Emin :W e a l t ) C21“° 2“M C22 '-C21- ° 2 - M
S* 2  ^ 2
(d e g re e s )
<£>3 9 %
(d e g re e s )
(K ca l/m o le ) (d e g re e s )
- 10-^5 200-255 90-11*5 260-315 2*86 - 6 .0 2 - 8 ,8 8 135 180
-1 0 -^ 5 260-315 90-1W 260-315 -0*51 -6 ,8 5 -6.31* 135 180
- 10-^5 200-255 220-275 260-315 -O .lfl - 6 .3 0 -5 .8 9 180 0
-10-1*5 260-315 220-275 260-315 -3 .1 9 -9 .0 3 -5 .8 i* 180 0
260-315 190-225 100-155 - 0 ,8 2 -4 .5 5 -3 .7 5 180 0
N o te : A = ( s a l t )  -  Effil
+2t o  th o s e  seen  in  Ca , D a ta  f o r  th e s e  e f f e c t s  a r e  shown in  
T ab le  10 , The en e rg y  r e d u c t io n s  a r e  more th a n  6 K ca l/m o le  
f o r  ev e ry  co m b in a tio n  o f low  en e rg y  r e g io n s .  The energy  • 
changes a r e  a l s o  n o t  th e  same f o r  a l l  c o n fo rm a tio n s . 
o ( -H e l ic a l  r e g io n s  a p p e a r  to  be  m ost f a v o re d . The d is ta n c e
betw een L i+  ^ and 0^ i s  2 .7 3  ^  w hich i s  somewhat l a r g e r  th a n
th e  minimum c o n ta c t  d i s t a n c e  o f  th e s e  two a to m s. The two
a n g le s  d e f in in g  th e  l o c a t i o n .o f  s a l t  a p p e a r  t o  be  m o s tly  135°
and 90° f o r  C21**^ 2”M aS we^  a s  ^ 0°  and 90°  f o r  Cp? -Cp^-Op-M.
I n  th e  p re se n c e  o f  C lO ^  th e  e n e r g ie s  a r e  in c r e a s e d  o v er
a l l  p o s s ib le  c o n fo rm a tio n s  a s  lo n g  a s  th e  io n  i s  lo c a te d  a t
o
th e  p o s i t i o n  3*71 A away from  Og. However, i f  th e  d i s ta n c e  
becom es l a r g e r ,  6 .0  £  f o r  i n s t a n c e ,  th e  minimum e n e rg ie s  a r e  
d e c re a s e d , more th a n  3 K ca l/m o le  below  th e  en e rg y  l e v e l  o f 
th e  t r i p e p t i d e  u n i t s  f o r  e v e ry  co m b in a tio n  o f low  en e rg y  
r e g io n s .  The en e rg y  changes a r e  l a r g e r  i n  th e  o< - h e l i c a l  
r e g io n s  th a n  any o t h e r s .  The C21”®2”^  ^ S l e s  a r e  e s s e n t i a l l y  
0° ,  The d a t a  a r e  p r e s e n te d  in  T ab le  11•
The c o n fo rm a tio n a l e n e rg ie s  a r e  a l s o  com puted f o r  th e  
t r i p e p t i d e  u n i t s  o f  p o ly -L -a la n in e  w ith  C22 and in  th e  
c i s  c o n f ig u r a t io n .  None o f  th e  p re v io u s  low  en e rg y  r e g io n s  
i s  s t a b i l i z e d  by t h i s  t r a n s - c i s  t r a n s i t i o n .  S a l t s  e x e r t  no 
s t a b i l i z a t i o n  e i t h e r .  However, some o th e r  c o n fo rm a tio n s  do 
e x i s t  a t  th e  energy  l e v e l  a s  low  a s  th o s e  seen  i n  th e  t r a n s  
c o n f ig u r a t io n .  I n  th e s e  r e g io n s  s a l t s  a p p e a r  t o  have th e  
same e f f e c t  upon th e  c o n fo rm a tio n a l e n e rg ie s  a s  th e y  do in
169
t r a n s  c o n f ig u r a t io n s .  An exam ple o f  e n e rg y  d e c re a s e  upon th e  
+? oo f  Ca w ith  2 ,3 5  A away from  0 ^  i s  shown in  th e  r e g io n  o f 
5Z52 = -1 0  -Zf5 ° ,  = 260  -  315° and ^  3  = 220 -2 7 5 ° , ^  3 =
260 -  315° ,  i n  w hich th e  minimum en e rg y  h a s  been lo w e re d  from 
-3«19 to  - 9*03 K c a l/m o le , The r e s u l t s  i n  some r e g io n s  a r e  
shown in  T ab le  12,
CHAPTER IV DISCUSSION
The mechanism o f  th e  s a l t  e f f e c t s  upon th e  c o n fo rm a tio n a l
t
p r o p e r t i e s  o f  p o ly p e p t id e s  h as  t e e n  w id e ly  in v e s t i g a t e d  ( 9 3 * 
98-1 01* ) . The e f f e c t s  o f s a l t s  upon th e  c o n fo rm a tio n a l 
p r o p e r t i e s  of f u l l y  io n iz e d  p o ly p e p t id e s ,  such  a s  p o ly -L -  
g lu ta m ic  a c id  and p o ly - L - ly s in e , have t e e n  o f  much i n t e r e s t  
b e c au se  o f d is p u te d  s u g g e s t io n s  ab o u t t h e i r  co n fo rm a tio n s*
Krimm and cow orkers i n t e r p r e t e d  th e  p o s i t i v e  b an d s  n e a r  
216 nm in  CD s p e c t r a  o f  aqueous s o lu t io n s  o f  f u l l y  io n iz e d  
hom o p o ly p ep tid es a s  a r i s i n g  from  th e  e x is te n c e  o f  a  p a r t i a l  
o rd e re d  s t r u c t u r e ,  due to  th e  s t a b i l i z a t i o n  o f  th e  backbone 
s t r u c t u r e  by s id e  c h a in  c h a rg e -c h a rg e  r e p u l s i o n s .  In  th e  
p re se n c e  o f  s a l t s ,  t h e  p o s i t iv e  band i n t e n s i t i e s  d e c re a s e  
b ec a u se  o f  th e  d e s t r u c t io n  o f  th e  o rd e re d  s t r u c t u r e  by 
s h ie ld in g  e f f e c t s  o f  s a l t  upon th e  s id e  c h a in  c h a rg e -c h a rg e  
i n t e r a c t i o n s  (1 0 5 -1 0 8 )*  Meyer (1 0 9 ) and D earb o rn  and W e tla u fe r  
( 110) p roposed  t h a t  a  " d is o rd e re d "  ( 109) o r  "u n o rd e re d "  
co n fo rm a tio n  e x i s t s  i n  aqueous s o lu t io n  o f  f u l l y  io n iz e d  
p o ly p e p t id e s ,  and p ro g re s s iv e  fo rm a tio n  o f segm en ts o f  
o ( - h e l ix  o cc u rs  upon th e  a d d i t io n  o f  s a l t s .
U ncharged p o ly m e rs  o r o lig o m e rs , such  a s  PHEG and o l i g o ­
m ers o f  L -a la n in e  whose s id e  c h a in  i s  n o t io n iz e d ,  p ro v id e  
good sy stem s f o r  exam in ing  th e  s a l t  e f f e c t  upon th e  o p t i c a l
1 7 0
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p r o p e r t i e s  o f  p o ly p e p t id e s .  PHEG i s  in  a  s t a t i s t i a l  c o n fo r ­
m atio n  i n  w a te r  ( 7 2 ,9 0 ) .  O lig o m ers  o f  L -a la n in e  d is c u s s e d  
h e re  a r e  n o t l a r g e  enough to  form  a  s in g l e  hydrogen  bond o f 
th e  ty p e  found i n  0( - h e l i x .  B o th  PHEG and  o lig o m ers  o f 
L -a la n in e  ( 1 3 3 ,H i )  in  w ate r e x h i b i t  a  p o s i t i v e  c i r c u l a r  
d ic h ro is ra  n e a r  216 nm. In  t h e  p re se n c e  o f  c o n c e n tra te d  
s o lu t io n s  o f  c a lc iu m  c h lo r id e  ( 10J+), p o ta s s iu m  c h lo r id e  (1 O h), 
and l i th iu m  c h l o r id e  F ig u re s  . 6 -9  , th e  p o s i t i v e  CD band o f 
PHEG d i s a p p e a r s .  S im ila r  r e s u l t s  can be o b se rv ed  in  o lig o m e rs  
o f  L -a la n in e  (1 3 3 » H 1 ) .  H y d ro c h lo r ic  a c id  e x e r t s  th e  same 
e f f e c t s  a s  th o s e  seen  in  s a l t  s o lu t io n s  ( F ig u r e s  29 and 3 0 ) .  
H e a tin g  a l s o  c a u s e s  th e  same e f f e c t  i n  re d u c in g  th e  p o s i t i v e  
CD i n t e n s i t i e s *  The e f f e c t s  o f  h e a t in g  and in c r e a s in g  th e  
c o n c e n tr a t io n  o f  ca lc ium  c h l o r i d e ,  p o ta ss iu m  c h lo r id e ,  o r  
l i t h iu m  c h lo r id e  have been found  to  be c u m u la tiv e  f o r  PHEG 
(F ig u re  1 5 ) . Even th e  e f f e c t s  o f  s a l t s  (C a C ^  o r  NaClO^) and 
te m p e ra tu re  upon  c i r c u l a r  d ic h ro is m  o f Ac-Lys-HKe (F ig u re s  
3h -3 8 ) ,  w hich i s  one p e p t id e  u n i t  o f  io n iz e d  p o ly - L - ly s in e ,  
a r e  e s s e n t i a l l y  th e  same a s  th o s e  seen  i n  u n io n iz e d  PHEG 
(F ig u r e  13) an d  o lig o m ers  o f  L - a la n in e - ( F ig u r e  29 and R e fe re n c e  
1 3 3 ) .
The above o b s e rv a tio n s  h av e  been th e  b a s i s  (1 0 ^ ,1 3 3 ) f o r  
d i s c r e d i t i n g  th e  p ro p o sa l t h a t  an ''e x te n d e d  h e l i x " ,  w hich i s  
presum ed to  be s t a b i l i z e d  by  th e  c h a rg e -c h a rg e  i n t e r a c t i o n s  
o f  th e  ch a rg ed  s id e  c h a in s ,  i s  r e s p o n s ib le  f o r  th e  p o s i t i v e  
CD band n e a r  216 nm observed  w ith  f u l l y  io n iz e d  p o ly p e p t id e s ,
and  d is p ro v in g  th e  a s s e r t i o n  t h a t  th e  s a l t  e f f e c t  upon th e  
c i r c u l a r  d ic h ro is m  o f  io n iz e d  p o ly p e p t id e s  i s  a t t r i b u t e d  t o  
th e  fo rm a tio n  o f  sm a ll amount o f  - h e l i x .  I n s t e a d ,  th e  
te m p e ra tu re  and s a l t  s e n s i t i v e  CD band a t  216 nm co u ld  a r i s e  
from  i n t e r a c t i o n s  betw een  a d ja c e n t  u n i t s  i n  any p o ly p e p tid e  
w ith  a  —CHgR s id e  c h a in  when i t  e x i s t s  a s  a  s t a t i s t i c a l  c o i l  
C10if) •  I n  o th e r  w ords, th e  r o t a t i o n a l  freedom  a b o u t and 
^  in  th e  s t a t i s t i c a l  c o l l  n e a r  25 °C i s  s u f f i c i e n t  to  g e n e ra te  
th e  p o s i t i v e  CD b an d . T h is  s u g g e s t io n  can  be su p p o r te d  by 
th e  f a c t  t h a t  a  new p o s i t i v e  band n e a r  216 nm i s  o b se rv ed  w ith  
c y c lo ( -A la -A la - )  a f t e r  72 h o u rs  o f  d ig e s t i o n  w ith  c o n c e n tr a te d  
h y d ro c h lo r ic  a c id  (F ig u re  3 1 ) .  H y d ro c h lo r ic  a c id  i s  e x p e c te d  
t o  h y d ro ly z e  th e  p e p t id e  bonds o f  c y c lo C -A la -A la -)  and to  
g e n e ra te  p ro d u c ts  w ith  much more freedom  o f  r o t a t i o n a l  a n g le s ,  
0  and , w hich i s  r e s p o n s ib le  f o r  th e  p o s i t i v e  CD band n e a r  
216 nm.
The e l e c t r o n i c  o r ig in  o f  th e  p o s i t i v e  CD band i s  s t i l l  
u n c e r t a in .  T o n e l l i  ( 1^ 2 ) and B ay ley  e t  a l  (1A3) a t t r i b u t e  th e  
p o s i t i v e  CD band in  d is o r d e r e d  p o ly p e p t id e s  to  th e  n -  7T* 
t r a n s i t i o n .  However, Zubkov e t  a l  (l^fif) f in d  t h a t  th e  r o t a t o r y  
s t r e n g t h  o f th e  n - v *  t r a n s i t i o n  f o r  random  c o i l  p o ly p e p tid e  
i s  n e g a t iv e ,  A eb e rso ld  and Pysh (1^-5) r e g a rd  th e  p o s i t i v e  CD 
band n e a r  218 nm a s  a  r e s u l t  o f  7T -  7T* t r a n s i t i o n .  Due to  
th e  u n c e r t a in ty  o f  th e  e l e c t r o n i c  o r i g i n  o f  th e  p o s i t i v e  CD 
b an d , i t  i s  d i f f i c u l t  t o  g iv e  an  u n e q u iv o c a l e x p la n a t io n  o f 
th e  o b se rv ed  e f f e c t s  o f  te m p e ra tu re  and s a l t s ;
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The te m p e ra tu re  e f f e c t  upon th e  c i r c u l a r  d ic h ro is m  o f 
o lig o m e rs  o f  L -a la n in e  and PHEG can  he a t t r i b u t e d  to  th e  
ch an g es i n  th e  d i s t r i b u t i o n  o f  r o t a t i o n a l  s t a t e s  w ith  tem p er­
a t u r e  (1 0 4 ,1 3 3 )*  T em p era tu re  w i l l  a l t e r  th e  Boltzmanm f a c t o r ,  
and th e r e f o r e  th e  r e l a t i v e  w e ig h ts  f o r  v a r io u s  and ¥  • 
T em p era tu re  d o es n o t  n e c e s s a r i l y  change th e  en e rg y  s u r f a c e  o f 
an a p p r o p r ia te  c o n fo rm a tio n  map. The te m p e ra tu re  e f f e c t s  
m ust r e f l e c t  an in c r e a s in g  p o p u la t io n  o f  h ig h e r  en e rg y  r e g io n s  
o f  th e  c o n fo rm a tio n a l map a s  te m p e ra tu re  i n c r e a s e s .  T h e re ­
f o r e ,  i t  can  be e x p e c te d  t h a t  th e  c o n fo rm a tio n  and c i r c u l a r  
d ic h ro is m  a r e  te m p e ra tu re  in d e p e n d e n t f o r  c y c lo ( -A la -A la - )  
( 133»146) ,  whose &> and ^  a r e  r e s t r i c t e d  by c o v a le n t  b o n d s . 
R e s u l t s  show t h a t  m ost s a l t s  e x e r t  s i m i l a r  e f f e c t s  upon 
th e  c i r c u l a r  d ic h ro is m  o f  PHEG ( F ig u r e s  6 -9 ,1 3 )  C1Off) and 
o lig o m e rs  o f  L -a la n in e  (F ig u re  2 9 ) (1 3 3 )*  H ow ever, th e  
e f f e c t s  o f  sodium  p e r c h lo r a te  on PHEG i s  d i f f e r e n t  from  th o s e
i
seen  i n  th e  o th e r  s a l t s .  Sodium p e r c h lo r a te  d e c r e a s e s  th e
»■
p o s i t i v e  i n t e n s i t y  a t  214 nm and in c r e a s e s  th e  n e g a t iv e  CD 
band a t  230 nm o f  PHEG, w ith  a  s h i f t  o f  th e  n e g a t iv e  CD band 
tow ard  222 nm ( F ig u r e s  1 6 ,1 7 ) . A lthough  th e  d e c re a s e  i n  th e  
p o s i t i v e  CD band a t  214 nm and th e  in c r e a s e  i n  th e  n e g a t iv e  
CD band a t  230 nm i s  a  common f e a t u r e  se en  in  o th e r  s a l t s ,  
th e  s h i f t  tow ard  222 nm i s  u n iq u e  i n  sodium  p e r c h l o r a t e .
A lso  i n  th e  p re s e n c e  o f  sodium  p e r c h lo r a te  b o th  b an d s change 
w ith  te m p e ra tu re  i n  such  a  way t h a t  r a i s i n g  te m p e ra tu re  w i l l  
oppose th e  e f f e c t  o f  s a l t  ( F ig u r e s  18 ,1 9 )»
mPHPG i s  p a r t l y  h e l i c a l  i n  w a te r  a t  low  te m p e ra tu re  (1 1 9 )»  
The h e l ix  i s  d i s r u p te d  by h e a t in g .  T h e re fo re  th e  te m p e ra tu re  
e f f e c t  on th e  CD o f  PHPG in  w a te r  (F ig u re  20) i s  d i f f e r e n t  
from  th e  te m p e ra tu re  e f f e c t  on th e  CD o f  PHEG (F ig u re  5)*
The r e s u l t s  o b ta in e d  w ith  PHPG in  p o ta ss iu m  c h lo r id e  (F ig u re  
21f) (lOij.) and sodium  p e r c h lo r a te  (F ig u r e s  2 1 ,2 5 )  a r e  s im i l a r  
t o  th o s e  seen  .fo r PHEG in  sodium  p e r c h l o r a t e .  T em pera tu re  
and s a l t  e f f e c t s  a l s o  oppose each  o th e r  f o r  PHPG, S in c e  th e  
CD band a t  222 nm i s  due to  th e  n - 7T* t r a n s i t i o n  o f  th o s e  
r e s id u e s  i n  th e  polym er w hich sire in  ot - h e l i c a l  c o n fo rm a tio n s  
( 150) ,  i t  a p p e a rs  t h a t  sodium  p e r c h lo r a te  can s t a b i l i z e  th e  
o t - h e l i c a l  co n fo rm a tio n  o f  b o th  PHEG and PHPG, and p o ta ss iu m  
c h lo r id e  s t a b i l i z e s  t h a t  o f  PHPG, w h ile  h e a t in g  d e s t a b i l i z e s  
I t .
The e f f e c t s  o f  sodium p e r c h lo r a te  upon th e  c i r c u l a r  
d ic h ro ism  o f  o lig o m e rs  o f  L - a la n in e  a r e  d i f f e r e n t  from  th o s e  
seen  in  PHEG and PHPG. They a r e  s im i la r  t o  th o s e  o f  ca lc iu m  
c h lo r id e  (133)»  b e in g  a  r e d u c t io n  in  th e  p o s i t i v e  CD band n e a r  
216 nm and in c r e a s e s  in  th e  n e g a t iv e  CD band n e a r  23O nm upon 
is o th e rm a l  a d d i t io n  o f  s a l t  o r  h e a t in g .  B oth s a l t s  a l s o  e x e r t  
th e  same e f f e c t s  upon th e  CD s p e c t r a  o f  c y c lo ( - A la - A la - ) , 
w ith  an  in c r e a s e  in  th e  weak p o s i t i v e  band n e a r  235 nm a lo n g  
w ith  a  w av e len g th  s h i f t  to w a rd s  228 nm (F ig u r e  33) (133 )*
S a l t s  a p p a re n t ly  can e x e r t  two k in d s  o f  e f f e c t s  upon 
aqueous s o lu t io n  o f  p o ly p e p t id e s .  One o f  th e s e  i s  t h a t  c e r t a i n  
s a l t s  c o u ld  fa v o r  th e  fo rm a tio n  o f  an i n t r a c h a in  hydrogen-bond
i n  c e r t a i n  p o ly p e p t id e s  "by a  m echanism  w hich i s  s t i l l  n o t  
w e ll  u n d e rs to o d . T h is  phenomenon would le a d  to  an in c r e a s e  
i n  th e  s t a b i l i t y  o f  th e  cx - h e l i x  i n  th e  p re s e n c e  o f  th e  s a l t s .  
T h is  e f f e c t  can n o t  be seen  i f  th e  p e p t id e s  a r e  n o t a b le  to  
form  any in t r a c h a in  hydrogen  b o n d s; th e  o lig o m e rs  o f  L -a la n in e  
would be an exam ple o f  t h i s  c a s e .  The o th e r  e f f e c t  i s  th o u g h t 
to  be  th e  d i r e c t  i n t e r a c t i o n  betw een  th e  s a l t  and th e  p e p t id e  
bond i t s e l f .  T h is  e f f e c t  i n t e r f e r e  w ith  i n t r a c h a i n  hydrogen  
bond fo rm a tio n , c a u s e s  d e c re a s e s  i n  CD i n t e n s i t i e s ,  and c a u se s  
a  r e d u c t io n  in  i n t r i n s i c  v i s c o s i t i e s .  T h is  e f f e c t  co u ld  be 
q u a l i t a t i v e l y  th e  same f o r  a l l  s a l t s .  However, th e  e x te n t  o f 
t h i s  e f f e c t  i s  d i f f e r e n t  f o r  v a r io u s  s a l t s .  The s i m i l a r i t y  
o f  th e  CD changes o b se rv ed  w ith  o lig o m e rs  o f  L -a la n in e  co u ld  
be a t t r i b u t e d  to  t h i s  s a l t  e f f e c t*  The r e l a t i v e  e x te n t  o f  
th e s e  two s a l t  e f f e c t s  would depend on th e  n a tu r e  o f  b o th  s a l t  
and p o ly p e p tid e  a s  w e ll  a s  th e  s a l t  c o n c e n t r a t io n s .  T h a t 
c o u ld  be th e  re a s o n  why p o ta ss iu m  c h lo r id e  can  p resum ab ly  
g e n e ra te  o c -h e lix  i n  PHPG, b u t  n o t  i n  PHEG, w h ile  sodium  
p e r c h lo r a te  can s t a b i l i z e  th e  ct - h e l i x  in  b o th  PHEG and PHPG. 
C alcium  c h lo r id e  can  n o t  s t a b i l i z e  th e  <x - h e l i x  in  e i t h e r  c a se  
( a l l  b ased  on CD c h a n g e s ) .  In  o th e r  w ords, th e  Zimm-Bragg 
p a ra m e te rs  s  i s  s m a l le r  f o r  PHEG th a n  f o r  PHPG. The CD 
s p e c t r a  su g g e s t t h a t  s  f o r  a  p a r t i c u l a r  p o ly p e p tid e  i n c r e a s e s  
a p p re c ia b ly  in  2 M HaClO^, in c r e a s e s  s l i g h t l y  i n  1+ M KC1 , and 
i s  a lw ay s dec reased , by CaClg.
I t  h as  been known t h a t  io n ic  d e te r g e n ts  such  a s  SDS have
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a  m arked e f f e c t  on th e  c o n fo rm a tio n  o f  p r o t e in s  (1 VP-151) 
c e r t a i n  s y n th e t ic  p o ly p e p t id e s  ( 152- 15*1-) • In  c o n t r a s t  t o  
n e n t r a l  s a l t s  th e  e f f e c t s  o f  SDS a r e  d ep en d en t on th e  ty p e  
o f  s id e  c h a in s  o f  p o ly p e p t id e s .  F o r exam ple, SDS h a s  a  
trem endous e f f e c t  on io n iz e d  p o ly p e p t id e s  such  a s  p o ly -L -  
l y s in e  and p o ly - L - o r n i th in e  whose s id e  c h a in s ' h e a r  p o s i t i v e  
c h a rg e s .  S D S .induces p  - s t r u c t u r e  i n  p o ly - L - ly s in e  (152 -155) 
and a  - h e l i x  i n  p o ly - L - o r n i th in e  (153,15*»-)* P o ly -L - ly s in e  
a l s o  fo rm s a - h e l i x  in  th e  p re se n c e  o f  sodium  o c ty l  s u l f a t e  
( 153)« On th e  o th e r  h an d , th e r e  i s  no a p p r e c ia b le  e f f e c t  o f  
SDS upon th e  io n iz e d  p o ly -L -g lu ta m ic  a c id  (155 ) a*11* u n io n iz e d  
PHEG (I3 * f), PHPG ( 13V) and PDHEG ( 131*) ( F ig u r e s  *f2,*f6). I t  
i s  o b v io u s  t h a t  th e  e f f e c t  o f  SDS can  be m a in ly  a t t r i b u t e d  
to  th e  c h a rg e -c h a rg e  i n t e r a c t i o n  betw een  th e  p o s i t i v e  ch a rg e  
o f  th e  s id e  c h a in s  and th e  n e g a t iv e  c h a rg e s  o f  th e  d e te r g e n t  
r a t h e r  th a n  a  c h a rg e -p e p t id e  bond i n t e r a c t i o n .
The a d d i t io n  o f  s a l t s  c a u s e s  ch an g es  i n  th e  hydrodynam ic 
p r o p e r t i e s  o f  PHEG ( F ig u r e s  5 3 » 5 6 ). C alcium  c h lo r id e  and 
p o ta s s iu m  c h lo r id e  b r in g  ab o u t r e d u c t io n  o f  i n t r i n s i c  v i s c o s i ­
t i e s  o f  PHEG. T here  i s  a  c o r r e l a t i o n  betw een  th e  r e d u c t io n  
o f  i n t r i n s i c  v i s c o s i t y  and th e  d e c re a s e  o f  c i r c u l a r  dhchro ism  
a t  21*f nm f o r  PHEG, a s  shown by a  com parison  o f  F ig u re s  9 
and 5 3 *
The e f f e c t  o f  hydrogen c h lo r id e  upon th e  hydrodynam ic 
p r o p e r ty  o f  PHEG i s  u n u su a l com pared to  th e  s a l t  e f f e c t , -  a s  
shown in  F ig u re  58* The red u ce d  v i s c o s i t i e s  o f  PHEG i n
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hydrogen  c h lo r id e  in c r e a s e  w ith  d e c re a s e s  in  po ly m er concen­
t r a t i o n s ,  T h is  i s . a  t y p i c a l  p ro p e r ty  o f  s t a t i s t i c a l  c o i l  
p o l y e l e c t r o l y t e s  (1 3 6 ,1 5 6 ) .  A s im i l a r  p o ly e l e c t r o l y t e  e f f e c t  
h a s  been  found  fo r  PBLG i n  DCA due t o  c h a rg in g  o f  th e  p e p t id e  
g ro u p s  o f  th e  random c o i l  po lym ers by  i n t e r a c t i o n  w ith  DCA 
(1 5 7 ) ,  The a p p a re n t  p o l y e l e c t r o l y t e  e f f e c t  o b se rv e d  w ith  PHEG 
i n  hydrogen  c h lo r id e  may a r i s e  from  th e  b in d in g  o f  H+ to  th e  
am ide g ro u p s , a lth o u g h  i t  i s  s u r p r i s in g  to  o b s e rv e  t h i s  e f f e c t  
i n  a  s o lu t io n  o f  such h ig h  io n ic  s t r e n g t h .
I n t r i n s i c  v i s c o s i t i e s  o f  p o ly -L -p ro l in e  i n  hydrogen 
c h lo r id e  a r e  red u ced  l i k e  th e  no rm al s a l t  e f f e c t  (F ig u re  6 1 ) .  
The red u ced  v i s c o s i t i e s  a l s o  behave in  th e  cu s to m ary  mann e r  
(F ig u re  60) ,
Raman s p e c tro s c o p y  h a s  been p ro v en  to  be a  u s e f u l  t o o l  
f o r  s tu d y  o f  c o n fo rm a tio n s  o f  p r o t e i n s  ( 158- 161) and p o ly p e p ­
t i d e s  (1 6 2 ,1 6 3 )*  The p r i n c i p a l  l i n e s  in  th e  Raman spectrum  
f o r  t h i s  p u rp o se  a re  th o s e  o f  am ide I  and am ide I I I .  F ig u re  
75 shows a  d iag ram m atic  am ide I  and  am ide I I I  ( 2 2 ) .  The 
f r e q u e n c ie s  i n  th e s e v r e g io n s  f o r  o rd e re d  s t r u c t u r e s  and random  
c o i l  have been  a s s ig n e d  f o r  some m odel p o ly m ers  ( 164)* A 
summary o f  th e s e  f r e q u e n c ie s  i s  p re s e n te d  in  T a b le  13* The 
am ide I  f r e q u e n c ie s  o b se rv e d  w ith  FLA and .PBLG (16**) a r e  n o t  
a s  s e n s i t i v e  t o  c o n fo rm a tio n a l change a s  th e  am ide I I I ,  so  
smal l  d i f f e r e n c e s  m igh t a r i s e  from  o th e r  f a c t o r s  th a n  h y d ro g en  
b o n d in g . The amide I I I  band may d i f f e r  from one ty p e  o f  
p o ly p e p tid e  t o  a n o th e r  w ith  th e  same backbone c o n fo rm a tio n .
T r a n s
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and amide III of the CONH group*
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of vibrations of amide I
T ab le  13* Raman f r e q u e n c ie s  6f  am ide I  and am ide I I I  ( 164)
C onform ation Amide I I I  
(cm" )
A m ide,I 
(cm- 1 )
Polym er
of - h e l i x 1265- 1300(medium)
/ 9 - s t r u c tu r e  1229-1235; 1289-1295 
( a n t i p a r a l l e l )  ( s t r o n g )  (weak)
Random c o i l  1243-1253
(medium s tro n g )
1655
1650
1666
1674
1665
(b ro a d )
P L A (so lid )
PK LG (solid)
P L V (so lid )
P o ly g ly c in e  I ( s o l i d )  
FLL in  H20 (pH 4 )
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None o f Raman s p e c t r a  o b ta in e d  w ith  Ac-Ala-OMe, PHEG and 
p o ly -L -h y d ro x y p ro lin e  in  s o lu t io n  a r e  i n  a c c o rd  w ith  th o s e  
shown in  T ab le  13» However m ost o f  th e  f r e q u e n c ie s  can  be 
a s s ig n e d  by com parison  w ith  th e  Raman s p e c t r a  o f  s im i la r  
m o le c u le s . The r e s u l t s  do n o t  show any s i g n i f i c a n t  d i f f e r e n c e  
betw een  th e  s p e c t r a  o f  aqu eo u s s o lu t io n s  and  s a l t  s o lu t io n s  
(C aC l,,) ; t h i s  i s  a l s o  t r u e  f o r  a  com parison  o f  D^O s o lu t io n s  
and ca lc iu m  c h lo r id e  (D^O) s o lu t io n s  ( F ig u r e s  6 3 -6 8 ) . In  a l l  
c a s e s  ca lc iu m  c h lo r id e  a p p e a rs  to  have no  s u b s t a n t i a l  in f lu e n c e  
on th e  Raman s p e c t r a .
I n  th e  sp ec tru m  o f PHEG in  DgO and c a lc iu m  c h lo r id e  ( i n  
DgO)# i t  i s  n o t ic e d  th a t  t h e r e  a r e  two b an d s  i n  th e  ami de I  
r e g io n ,  1668 and 161+2 cm” 1 i n  D^O a s  w e l l  a s  1666 and 1636 cm” 1 
i n  c a lc iu m  c h lo r id e  ( i n  I^ O ) . The A ppearance o f two ban d s i n  
th e  am ide I  r e g io n  cou ld  im p ly  t h a t  a  m ix tu re  o f  two c o n fo r ­
m a tio n s  e x i s t s  f o r  PHEG i n  D20 and c a lc iu m  c h lo r id e  ( i n  1^0) .  
T h is  i n t e r p r e t a t i o n  would c o n f l i c t  w ith  th e  p re v io u s  r e p o r t s  
( 7 2 ,9 0 )  w hich s u g g e s t  a  s t a t i s t i c a l  random c o i l .  However,
th e s e  two ban d s c o u ld  a l s o  be  due to  s l i g h t l y  d i f f e r e n t«•>
f r e q u e n c ie s  f o r  th e  am ide I  ban d s o f  th e  backbone and s i d e -  
c h a in  am ide g ro u p s .
The pK c a lc u l a t e d  from  c i r c u l a r  d ic h ro is m  a t  228 nm o f 
p o ly - L -p r o l in e  i n  hydrogen  c h lo r id e  i s  a p p ro x im a te ly  - 2 .2 .
T h is  i s  w ith in  th e  l i m i t s  o f  pK*s f o r  d i s s o c i a t i o n  o f  p ro to n  
from  an amide g ro u p  ( 1 6 3 ) .  Based on t h i s  pK v a lu e ,  i t  i s  
r e a s o n a b le  to  s u g g e s t  t h a t  th e  CD ch an g es a r e  b ro u g h t ab o u t
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by th e  b in d in g  o f  hydrogen  c h lo r id e  to  p e p t id e  bonds* The 
b in d in g  o f hydrogen  c h lo r id e  i s  th o u g h t to  e x h ib i t  l i t t l e  
c o o p e r a t iv e ty  ,  I t  can  be j u s t i f i e d  by n o t in g  t h a t  th e  b in d in g  
o c c u rs  a t  h ig h  io n ic  s t r e n g t h  and t h a t  p o ly - L -p r o l in e  i s  a  
s t a t i s t i c a l  c o i l  i n  c o n c e n tr a te d  s a l t  s o lu t io n  (5 0 )*  S in ce  
hydrogen; c h lo r id e  and ca lc iu m  c h lo r id e  le a d  to  th e  same e f f e c t s  
on th e  hydrodynam ic (5 0 )  (F ig u re  61) and o p t i c a l  p r o p e r t i e s  
(5 0 ) (F ig u r e s  47*48) o f  p o ly - L - p r o l in e ,  i t  can  be e x p e c te d  
t h a t  ca lc iu m  c h lo r id e  a l s o  e x e r t s  i t s  e f f e c t  by b in d in g  to  
th e  p e p t id e  group* The pK c a lc u l a t e d  f o r  p o ly - L -p r o l in e  
i n  ca lc iu m  c h lo r id e  i s  a l s o  a p p ro x im a te ly  -2 * 0 . The pK f o r  
th e  d i s s o c i a t i o n  o f  Ca from  p o ly a c ry la m id e  a t  25 C i s  
a p p ro x im a te ly  -1 * 3  (1 1 6 )*  Compared w ith  t h i s  th e  pK f o r  th e  
d i s s o c i a t i o n  o f  Ca from  p o ly - L -p r o l in e  a p p e a rs  q u i t e  
re a s o n a b le *  The pKf s  c a lc u l a t e d  f o r  m u l t ip le  w av e len g th  can  
n o t  be co u n ted  on b ec au se  th e  c u rv e  f i t  f o r  d a ta  o f  m u l t ip le
i
w av e len g th  i s  n o t  s a t i s f a c t o r y *
In  th e  p re s e n c e  o f  io n s ,  t r e a t e d  .as  p o in t  c h a rg e s ,  th e  
c o n fo rm a tio n a l e n e r g ie s  o f  th e  i n t e r n a l  t r i p e p t i d e  o f  p o ly -L -  
a la n in e  a r e  lo w ered  i n  an a p p r e c ia b le  am ount i n  m ost o f  th e  
a c c e s s ib le  s t r u c t u r e  r e g io n s  o f  th e  c o n fo rm a tio n a l map. The 
s t a b i l i z a t i o n  o f  th e  c o n fo rm a tio n a l e n e r g ie s  a r e  e n t i r e l y  due 
t o  th e  e l e c t r o s t a t i c  i n t e r a c t i o n s  i n  t h i s  m odel, s in c e  th e  
e l e c t r o s t a t i c  i n t e r a c t i o n  i s  th e  o n ly  i n t e r a c t i o n  c o n s id e re d  
w hich  in v o lv e s  th e  i o n s .  The c o n fo rm a tio n a l en e rg y  ch an g es 
( a ) a r e  n o t  th e  same f o r  a l l  c o n fo rm a tio n s  (T a b le s  9—11)•
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The « - h e l i c a l  r e g io n  i s  th e  m ost fa v o re d  so  f a r  a s  t h i s  
c o m p u ta tio n  i s  c o n c e rn e d . T h is  c o n c lu s io n  i s  t r u e  f o r  c a t io n s  
and a n io n s .  The s ig n  o f  th e  ch a rg e  on an io n  m arkedly  a f f e c t s  
how i t  w i l l  i n t e r a c t  w ith  a  p a r t i c u l a r  p e p t id e  u n i t ,  b u t  th e  
e f f e c t s  on th e  c o n fo rm a tio n a l maps a r e  e s s e n t i a l l y  in d e p en d en t 
o f  th e  s ig n  o f th e  c h a rg e  on th e  i o n .  The changes in  c o n fo r ­
m a tio n a l e n e rg ie s  w ould le a d  to  a  s i g n i f i c a n t  a l t e r a t i o n  o f 
th e  s t a t i s t i c a l  w e ig h ts  fo r  th e  c o n fo rm a tio n a l map. The change 
in  th e  c o n fo rm a tio n a l map would be a  m ajor e f f e c t  o f  a  s a l t  
when i t  i s  p a r t i c i p a t i n g  in  an e l e c t r o s t a t i c  i n t e r a c t i o n  w ith  
a  p e p t id e  u n i t .  C o n seq u en tly , any  p h y s ic a l  p r o p e r t i e s  w hich 
a r e  s e n s i t i v e  to  th e  changes in  th e  r o t a t i o n a l  s t a t e  o f  ^  
and ¥  would be e x p e c te d  to  be a l t e r e d .  The o b se rv ed  ch an g es 
in  o p t i c a l  a c t i v i t i e s  and hydrodynam ic p r o p e r t i e s  a r e  c o n s i s t ­
e n t w ith  t h i s  a s s e r t io n *  However, th o s e  p r o p e r t i e s  w hich a re  
i n s e n s i t i v e  to  th e  ch an g es in  th e  r o t a t i o n a l  s t a t e s  in  a  
random c o i l  would rem a in  unchanged . The o b se rv ed  r e s u l t s  in  
th e  Raman s p e c t r a ,  v/hich a re  d e te rm in e d  by th e  v i b r a t i o n a l  
c h a r a c t e r i s t i c s  o f  b o n d s , a r e  c o n s i s t e n t  v /ith  t h i s  a s s e r t io n *
I n  c o n c lu s io n , m ost s a l t s  e x e r t  s im i la r  e f f e c t s  upon 
th e  c i r c u l a r  d ic h ro ism  o f  PHEG and o lig o m e rs  o f  L - a la n in e ,  
nam ely d e c re a s e s  i n  th e  p o s i t iv e  CD band n e a r  216 nm. The 
e f f e c t s  o f  s a l t s  and  h e a t in g  a re  cum rau la tive . However, th e  
e f f e c t  o f  sodium p e r c h lo r a te  on PHEG i s  d i f f e r e n t  from t h a t  
seen  w ith  th e  o th e r  s a l t s .  Sodium p e r c h lo r a te  in c r e a s e s  th e  
n e g a t iv e  CD band a t  222 nm. H e a tin g  opposes t h i s  s a l t  e f f e c t .
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T h is  s a l t  a p p e a rs  to  s t a b i l i z e  th e  o( - h e l i c a l  co n fo rm a tio n  
o f  b o th  PHEG and PHPG, S a l t s  a p p a re n t ly  can e x e r t  two k in d s  
o f e f f e c t s  upon th e  aqueous s o lu t io n  o f  p o ly p e p t id e s .  One 
o f th e s e  i s  t h a t  c e r t a i n  s a l t s  co u ld  fa v o r  th e  fo rm a tio n  o f 
an i n t r a c h a in  hydrogen-bond  in  c e r t a i n  p o ly p e p t id e s .  The 
o th e r  i s  th o u g h t to  be th e  d i r e c t  i n t e r a c t i o n  betw een th e  
s a l t  and th e  p e p t id e  bond i t s e l f .  T h is  d i r e c t  i n t e r a c t i o n  
may i n t e r f e r e  w ith  i n t r a c h a in  hydrogen  bond fo rm a tio n  and 
cau se  ch an g es i n  o p t i c a l  a c t i v i t i e s ,  and hydrodynam ic p ro p e r ­
t i e s  of p o ly p e p t id e s .
The Raman s p e c t r a  o b serv ed  w ith  PHEG, Ac-Ala-OMe and 
p o ly -L -h y d ro x y p ro lin e , w hich a re  d e te rm in ed  by th e  v i b r a t i o n a l  
c h a r a c t e r i s t i c s  o f  th e  p e p t id e  bond , a r e  e s s e n t i a l l y  th e  same 
i n  s o lu t io n s  w ith  or w ith o u t s a l t s .  T h is  o b s e rv a tio n  s u g g e s ts  
t h a t  th e  s a l t  e f f e c t  upon p o ly p e p t id e s  must a r i s e  from some 
mechanism o th e r  th a n  ch an g in g  th e  v i b r a t i o n a l  modes o f  th e  
p e p t id e  b o n d .
The CD changes a t  228 nm o b se rv ed  w ith  p o ly -L -p ro l in e  
i n  hydrogen c h lo r id e  a r e  c o n s is te n t  w ith  th e  two s t a t e s  m odel 
in  w hich th e  CD changes depend s o l e l y  upon th e  p ro to n a t io n  
o f  th e  p e p t id e  u n i t s .  The pK c a lc u l a te d  from c i r c u l a r  
d ich ro ism  a t  228 nm o f p o ly -L -p ro l in e  in  hydrogen  c h lo r id e  
i s  a p p ro x im a te ly  - 2 .2 ,  w hich i s  w i th in  v a lu e s  f o r  p r o to n a t io n  
o f am ide g ro u p s . T h is  f in d in g  s u g g e s ts  t h a t  th e  CD changes 
a r e  b ro u g h t a b o u t by th e  b in d in g  o f  hydrogen c h lo r id e  to  
p e p t id e  u n i t s .  S im ila r  CD changes a r e  observed  w ith  th e  same
1 8 3 a
polym er i n  ca lc iu m  c h lo r id e .  The pK c a lc u la te d  f o r  p o ly -L -  
p r o l in e  i n  ca lc iu m  c h lo r id e  i s  a p p ro x im a te ly  - 2 . 0 , which i s  
a  r e a s o n a b le  v a lu e  f o r  b in d in g  o f ca lc iu m  c h lo r id e  to  p e p t id e  
u n i t s .
The p u rp o se  o f  th e  c a lc u l a t i o n  o f c o n fo rm a tio n a l e n e rg ie s  
o f  th e  i n t e r n a l  t r i p e p t i d e  u n i t s  o f  p o ly -L -a la n in e  was to  see  
i f  io n s  sh o u ld  a l t e r  th e  c o n fo rm a tio n a l map a t  a d ja c e n t  <*- 
c a rb o n s  when th e y  a r e  s i t t i n g  in  th e  v i c i n i t y  o f  a  p e p t id e  
u n i t .  The change in  th e  c o n fo rm a tio n a l map i s  a  m ajor e f f e c t  
o f  a  s a l t  when i t  i s  p a r t i c i p a t i n g  in  a  f a v o ra b le  e l e c t r o s t a t i c  
i n t e r a c t i o n  w ith  a  p e p t id e  u n i t .  B oth  c a t io n s  and  a n io n s  
ca u se  th e  same k in d s  o f  a l t e r a t i o n s  i n  th e  c o n fo rm a tio n a l map.
The g e n e ra l  s a l t  e f f e c t  upon th e  c o n fo rm a tio n a l p r o p e r t i e s  
o f  p o ly p e p t id e s  a p p e a rs  to  r e s u l t  from  an io n -p e rm an e n t d ip o le  
i n t e r a c t i o n  betw een th e  s a l t  and p e p t id e  u n i t .  T h is  i n t e r ­
a c t io n  c a u se s  changes in  th e  p o p u la t io n  o f r o t a t i o n a l  s t a t e s  
ab o u t and ft o f  co n fo rm a tio n  map, r e s u l t i n g  i n  th e  changes 
o f  o p t i c a l  a c t i v i t i e s  and hydrodynam ic p r o p e r t i e s  and th o s e  
p r o p e r t i e s  w hich a r e  s e n s i t i v e  to  th e  changes i n  r o t a t i o n a l  
s t a t e s  o f  ft and ft •
S a l t s  have p ro fo u n d  e f f e c t  upon th e  p r o p e r t i e s  o f p r o te in s  
and p o ly p e p t id e s ,  in c lu d in g  c o n fo rm a tio n a l p r o p e r t i e s ,  s o lu b i ­
l i t i e s ,  d i s s o c i a t i o n  i n to  s u b u n i t s ,  and a c t i v i t i e s  o f enzym es. 
A lthough  much i n v e s t ig a t io n  h a s  been  done, th e  mechanism 
rem a in s  p o o r ly  u n d e rs to o d . R e s u l t s  in  t h i s  d i s s e r t a t i o n  
s u g g e s t t h a t  one o f  th e  m echanism s i s  th e  io n -p e rm an en t d ip o le
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i n t e r a c t i o n  betw een  th e  s a l t  and p e p t id e  u n i t ,  r e s u l t i n g  i n  
th e  ch an g es in  c o n fo rm a tio n a l p r o p e r t i e s  o f  p o ly p e p t id e s .  
O th er k in d s  o f  i n t e r a c t i o n  a r e  a l s o  e x h ib i te d  w ith  c e r t a i n  
s p e c i f i c  s a l t s ,  su ch  a s  sodium p e r c h lo r a t e .  The mechanism 
o f  th e s e  s p e c i f i c  e f f e c t s  rem ain s to  be d e te rm in e d .
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APPENDIX I
A Least Square Calculation of pK
The L in d e rs tro m -L an g  e q u a tio n  w ith  i t s  l a s t  te rm  n e g le c te d  
i s  u sed  f o r  e s t im a t io n  o f pK f o r  th e  d i s s o c i a t i o n  o f  io n s  from
p e p t id e  u n i t s  (E q u a tio n  1) .  i s  d e f in e d  by e q u a tio n  2 ,  0 ,
pH- = pK + lo g  — — ” — (1 )
x  1 -  c< ±
D, and U a r e  d e f in e d  in  th e  e x p e r im e n ta l  s e c t i o n .
© ,-  TJ
of * — i   ( 2 )
1 D -  U
S u b s t i t u t i n g  o(. from  E q u a tio n  2 i n t o  E q u a tio n  1, g iv e s
0 . -  U
pH. = pK + lo g  — - ------   (3 )
1 d  -  e i
The r e s i d u a l  i s  g iv e n  by
© — U
r., = pK + lo g  — - -------  pH. (if.)
1 D -  e i
L e t  be  th e  w e ig h tin g  f a c t o r ,  w hich i s  th e  r e c i p r o c a l  o f  
th e  u n c e r t a in ty  o f  « i f  th e n  th e  w e ig h ted  r e s i d u a l  g iv e s
wlPl = wiPK ♦ w. log - v;.pH. (5)
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The sum of the squares of the weighted residual is shown in 
Equation 6 .
? 0 , - u
S = Z..(w.r,)z = r  (W pK + W, log — i-------W.pH ) 2 (6 )i 1 1 i 1 1 d - ei a - i
The most prohahle values of the parameters pK and U are 
those for which S is at a minimum. This requires that
d S  dS
= 0
3 pK *5 U
For the derivative with respect to pK we obtain
pK ( n  W 2) + 51 (W 2  log — i-----) - H  W,2pH, = 0 (7)
i  1 i  1 D -  0. i  1 x
thus
pK = [ z  ( V W  - E CV5 ioe | /  E »i2 (8)i i B - e± J i
For the derivative with respect to U, we obtain
W 2 0 , -  U r W 2 pH,W 2z  (— i— log - i — -> + pk [r c— r  c— 
i u - q± b - e± Li u - e J i  u - e±
<9)
19?
Com bining E q u a tio n  8 and 9» g iv e s
w  2
f n  ( w/ a ) /  r  w .2 ] r ( — i — ) -
r  o u w42 -i -
I I I  (w 2 lo g  — 1---------) x  E  ( - — - — ) 1 /  E  w 2 -
i  D - e ± i  U -  ^  J  i 1
^  W 2pH, Y/,2 e . -  U
E (——-)  + E <-----— log - i ----- ) = o
i  u -  e± i  u -  ©i  d -  ei
E q u a tio n  10 i s  u sed  f o r  c a l c u l a t i n g  pK and tF a t  s in g le  
w a v e le n g th . The p ro c e d u re  was t o  s e a r c h  f o r  v a lu e s  o f  
pK and  U w hich would s a t i s f y  E q u a tio n  10.
F o r m u l t ip le  w a v e le n g th , t h e r e  a r e  m u l t ip le  e q u a tio n s  
one f o r  each  w av e len g th  a s  seen  in  E q u a tio n s  11-13*
pH± = pK + lo g  — ~ ---- —
D1 -  6 i1
a  = pk ♦ lo g
Da -  e ±2*
e. - u.
pH. = pK + lo g  — a s — i s _
Dm - ira
( 10)
( 11)
( 12)
(13)
1 9 8
Adding up the multiple Equations (1 1 -1 3 )»  we obtain
1 . M* _N e „ -  u, ,
pH = pK + --- H  H  log--- — -J£- (1 4)
1 m k-i i=i \  - eik
where M is the number of wavelengths and N is the number of 
data points. Using the same method as above we obtain
M N „ 1 M N 6 ., - U.
pk = e  e  (wik2PH ) —  n  n  <w 2 log xk- . k ) /
k=1 i= 1 1K 1 M k=1 i=1 ^  Dfc -
K M  -
H  JZ w 2 (1 5 )
i= 1 k=1
and
M H W 2  M H V/.,2 ifi.
pK H  H  (----5 £ _ )  - H U  (-...^ - - J r-) +
k=1 1=1 Uk- eik k=1 i=1 uk- eik
1 r  M K W 2 ,  r M K 0  -  Uk— I 21 E <---- ——)] I H E log — 1 =oM 1 Jt=i i=i u, - e... * k=i 1=1 a. - e,,_ >k 'lk ” k "Ik
( 16)
Solving Equation (15) aud (1 6), we obtain pK and U’s for 
multiple wavelengths.
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APPENDIX II
Calculation of Intrachain Distances (7.2^)
For the purpose of calculating the intrachain distances as 
functions of the rotation angles in the chain, let a right- 
handed Cartesian coordinate system be defined for each bond 
of the chain skeleton, As illustrated in Figure 1 , the 
x-axis is in the diretion of a given bond and the y-axis is in 
the plane defined by this bond and the preceding one* The 
positive direction of the y-axis is chosen by requiring it to 
make an acute angle with the preceding bond. All of the z-axes 
are perpenticular to the plane of the diagram with their 
directions alternating up and down from one coordinate system 
to the next, is the supplement to the fixed bond angle
between two consecutive bonds, is the rotation angle
about bond i«
Consider a vector v^+ ^ with components xi+1, y^+ ^ , z^+1 
in the coordinate system i+1 . Its components in coordinate 
system i are given by
xi a xi+1 0 0 8  ®i + yi+1 Bin 9i ^
y1 = x±+1 sin 0^ cos <p i  - y^+i cos ©i cos <p ^ +
z±+1 sin <f>± (2 )
zi = xi+1 sln ®i sin ^ i " yi+l cos ®i sin ^ i
z1t1 cos <P ± (3 )
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(l  + l )
i +  l i + 2
(I) V ( i  +  2 )
F ig u re  1 . C a r te s ia n  c o o r d in a te  system  fo r  
c o n s e c u tiv e  bonds o f  a  c h a in .  The z a x e s ,  n o t shown, a r e  
p e rp e n d ic u la r  t o  th e  p la n e ,  w ith  d i r e c t i o n s  a l t e r n a t i n g  
up and down from  one c o o rd in a te  t o  th e  n e x t .
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The same result is expressed in matrix notation as follows:
vi = Ti V l (It)
where is the orthogonal matrix
f
cos e ± sin 6 i 0
>
sin cos <p ^ -cos B i cos « * i sin
sini ® i sin (p ^ -cos S i sin 0  i -cos <p i 4
and V i are expressed as column vectors:
(5 )
vi =
xi
( 6)
Ti+ 1
i+1 
*i+ 1 
zi+ 1
(7 )
The transformation matrix T^ may he formulated in more 
general terms by execution of two rotations: (l) a rotation 
of xi+iyi+izi+i about the zi + 1 axis through the angle T  th&t 
make coincident with(or parallel to) x^, and (2 ) another
rotation of x^+^y^+^z^+  ^ through angle about the axis x^
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t h a t  make th e  two c o o rd in a te  sy s te m s  p a r a l l e l .  The a n g le s  
T  and  P a re  m easured  in  r ig h t-h a n d e d  sense*  Then E q u a tio n  
k  t u r n s  o u t to  he
7 i  = Hvi* i  ■ ( 8 )
w here R i s  d e f in e d  hy E quation  (9 )
: C O S T 
- s i n  T  co s  P 
s i n  7“ s in .P
s i n  T
c o s  T  cos p  
- c o s  7* s in  p
0
s in  P  
co s  P
(9 )
U sin g  t h i s  m ethod any bond v e c to r  in  t h e  a la n in e  
o lig o m er can he tra n s fo rm e d  i n t o  th e  c o o r d in a te  system  o f  
any o th e r  bond v e c to r*  Hence t h e  in t r a c h a in  d is ta n c e  o f  any  
p a i r  o f  atoms in  an y  co n fo rm a tio n  can he c a l c u l a t e d  from  
th e  v e c to r  sum o f  bo n d s c o n n e c tin g  t h i s  p a i r  o f  atom s.
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Ac-Ala-NMe
Ac-Ala-QMe
Ac-Lys-NMe
C y c lo (-A la -A la -)
CD
DCA
deg
dmol
PBLG
PHEG
PDHEG
PHPG
APPENDIX III
A b b re v ia t i  on e 
N -A ce ty l-L -a lan y l-N *  -m e th y l amide 
N -A c e ty l-L -a la n y l-O -m e th y l e s t e r  
N -A c e ty l-L -ly sy l-N * -m e th y l ami.de 
L -A la n y l-L -a la n y l  d ik e to p ip e r a z in e  
C i r c u la r  d ic h ro is m  
D ic h lo ro a c t lc  a c id  
D egree 
Decim ole
P o ly -  T - b e n z y l-L -g lu ta m a te  
P o ly (N ^- u> -h y d ro x y e th y l-L -g lu ta m in e )
I 2
CH_ R, = H
I *  1
CH R2  = CH2 CH2 -0H
( - H N — CH--CO- )„
P o ly (N ^- tj - d ih y d ro x y e th y l-L -g lu ta m in e )  
(sam e s t r u c t u r e  a s  PHEG e x c e p t 
R1 = CH2CH2-0H)
P o ly (N ^- cj -h y d ro x y p r o p y l- L -g lu t  am ine) 
(sam e s t r u c t u r e  a s  PHEG e x c e p t
r 2 = ch2ch2ch2- oh)
FLA P o ly -L -a la n in e
FLP P o ly -L -p ro l in e
P(HBG : G ly) P o ly (h y d ro x y b u ty lg lu ta m in e -c o -g ly c in e )
SDS Sodium d o d ec y l s u l f a t e
T r i s  T ris(h y d ro x y m eth y l)am in o m eth an e
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